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UPFREEZ5Y Outputa) 2 Feet Effectiveparticle size
b) 0.1 Feet Effectiveparticle size
Graphical Analysisand Summary (2 sheets)

Manvil le Waukegan, I l l inois, unfreezingCover Thickness Analysis

Remarks discussed 4-8-87 during conference call.

Per. C. Vita







PROGRAM UPFREEZ5Y immiiimiiiimiiiiiiii
SAVED UNDER FILE NAME: UPF1-5Y DATE: 04-06-1987

TIME: 11:41:56
PROBABILISTIC 6EOTECHNICAL THERMAL ANALYSIS

1-LAYER FINE-GRAINED COVER SYSTEM
MODIFIED BERG6REN EQUATION WITH KERSTEN K'S

PROPERTIES OF COVER
COVER LAYER DRY DENSITY=100 PCF, MATER CONTENT =20.3* (80* SAT) 100* 5=25.4*
AVERAGE HEAVE STRAIN = 10* TO 50*
FRACTION OF HEAVE NOT RECOVERED ON THAUIN6 (R) = 0.10 TO 0.50
LAMBDAtSQRCN-FACTOR]: AV6=0.48; SD=0.00
(COVER AND WASTE PILE USE THE SAME VALUES)

PROPERTIES OF WASTE PILE
FINEGRAINED SOIL
UNFROZEN DRY DENSITY = 100. tPCF], MATER CONTENT = 20* <flO* SAT) 100* 5=25.4*
AVERAGE HEAVE STRAIN = 10* TO 50*
FRACTION OF HEAVE NOT RECOVERED ON THAUING (R) = 0.10 TO 0.50

THERMAL LOAD INFORMATION

FREEZE INDEX (FI) FOR UAUKEK6AN ASSUMED LOGNORMAL WITH MEAN I STANDARD DEVIATION
FROM HISTORICAL DATA 1949-50 TO 1984-85 EXCEPT 1982-83 (TOTAL = 35 YEARS)
LOGNORMAL FREEZE INDEX (THERMAL LOAD): MEAN=848, MEDIAN=800, SD=320, CV=0.37B,

SDELN FI]=0.365, SKEWNESS* 1.277 HOWEVER:
CONSERVATIVE LOGNORMAL ENVELOPE USED FOR FREEZE INDEX: MEDIAN = 875, MEAN = 935

SDCLN FI] =0.365
ALL YEARS HAVE HISTORICAL FI FREQUENCY <= FORCASTED (PREDICTED) PROBABILITIES

(1983-84 [FI=12001 LIES ON THE ENVELOPE ALL OTHER YEARS ARE BELOW)

OBJECT UPFREEZIN6 INFORMATION-EQUATION: U = (X - A - T)
UPFREEZIN6 ASSUMPTIONS:

• EFFECTIVE PARTICLE SIZE (X - A) IS EPS.UF = 2.00 FT
AVERAGE HEAVE STRAIN (S) = 10 * TO 50 < *=!sr~
FRACTION OF HEAVE NOT RECOVERED ON THAWING (R) = 0.10 TO 0.50
EFFECTIVE NUMBER OF COMPLETE FREEZE THAW CYCLES (C) = NUMBER OF FREEZE SEASONS

(YEARS) t P.H3
•NOTE: BOTH C AND P.H3 ARE DEPTH DEPENDENT



S=1W F=0.10

THERMAL AND UPFREEZING ANALYSIS ESTIMATES - PROGRAM UPFREEZ5Y - 04-08-1987
MANVILLE UAUKE6AN, ILL PLANT UASTE PILE

»**« YEARS TO UPFREEZE OBJECTS THRU COVER - PRELIMINARY RESULTS *HW*
OBJECTS HAVE (X - A) = 2.00 FT (EFFECTIVE PARTICLE SIZE, EPS.UF) STARTING AT
TOP OF WASTE PILE-BOTTOM OF COVER OF TOTAL THICKNESS = TCT

THERMAL LOAD FREEZE INDEX (FI) : LOGNORMAL U/ MEDIAN = 875 MEAN = 935 SD.LN=.365
HI * DEPTH OF COVER ABOVE OBJECT, STARTING AT H1=TCT EFT] - FINE-GRAINED SOIL

UNFROZEN DRY DENS. =100 PCF, WATER COKT.= 20.3% (BO* SAT) KU=O.B1
FROZEN DRY DENS. = 90 PCF, MATER CONT.= 29.7* C/L=.OOB5 L=3658 KF=1.15

H3M = OBJECT LENGTH FOR MAX UPFREEZE, STARTING IN:
H3 = HASTE PILE OF SOIL-HAVING:

UNFROZEN DRY DENS. =100 PCF, UATER CONT.= 20.3* (80* SAT) KIHJ.81
FROZEN DRY DENS. = 90 PCF HATER CONT.= 29.7* C/L=. 0085 L=3658 KF=1.15

BCiW^OVER AND UASTE PILE USE HEAVE STRAIN, 5 = 10*, 95* OF MAX L
HEAVE FRACTION NOT RECOVERED ON THAWING, F = 0.10,
LAMBDA*SQRtN-f ACTOR] - .48 (AV6) .00 (SD)

ESTIMATES USE MOD. BERGGREN EQU. M/ KERSTEN KF'S AND + 0* - 25* ERROR IN KF'S
CORRELATION COEFFICIENT BETWEEN Kl.F AND K3.F, Rl.3=0.00
FPY = AVG YEARS TO FIRST FROST PENETRATION TO DEPTH HI AND RETURN PERIOD
UP.YRS = ESTIMATED YEARS FOR OBJECT UPFREEZING FROM HI (FOR HI PROPS IN H3) BUT

CORRECT UP.YRS FOR DIFFERENCE IN DELTA'S WHEN OBJECT IN H3.
CONSERATIVE FOR ALL OBJECTS HAVING (X-A) < 1 . 10 FT <

FOR H1=TCT: UP.YRS IS AN ESTIMATE <+ OR - CV*) OF YEARS TO UPFREEZE THRU COVER
LBOND = 1 STANDARD DEVIATION LOWER BOUND (U),

ABD = ABOND = ABSOLUTE LB FOR HEAVE STRAIN, UNRECOVER FACTOR AND EPS.UF
R100 = EST'ED RELIABILITY (PROBABILITY) UP.YRS EXCEEDS 100 YEARS

FT DEGfDAYS PROB.
Hl̂ -rCAVGtCV* FPAVGtCV*
1 .0
1.1
.2
.3
.4
.5
.6
.7

1.8
1.9
2.0
2.1
2.2
2.3
2.4
2.5

408 14
493 14
587 14
689 14
799 14
917 14

1044 14
1178 14
1321 14
1472 14
1630 14
1798 14
1973 14
2156 14
2348 14
2548 14

.976

.931
.851
.737
.601
.463
.337
.233
.154
.097
.059
.035
.020
.01 1
.006
.003

1 .9
4.9
9.9

16.7
24.6
32.9
41.2
49.0
56.1
62.3
67.8
72.4
76.4
79.8
82.6
85.0

COVER THERM!
UT

FPY
1
1
1
1
2
2
4
6
9

17
31
60

119
244
512

1093

H
UP.YRS

201
253
323
422
571
802

1180
1836
3033
5307
9786

18732
36905
74700

154949
328284

I PRI
EARS
CVX
0.3
1 .0
2.4
5.2
9.4

15.2
22.6
31.0
39.9
48.6
56.5
63.4
69.1
74.0
78.0
81 .3

PERTIES II
LBOND ABD

200 50
250 55
315 60
401 65
518 70
680 75
914 80

1267 85
1822 90
2728 95
4253 100
6859 105

11385 110
19442 115
34115 120
61372 125

1 H3 (Rl
PROB.*
R100
100.00
100.00
100.00
100.00
100.00
100.00
100.00
99.99
99.98
99.99

100.00
100.00
100.00
100.00
100.00
100.00

.3=1)
YEARS
DELTA

44
59
81

119
179
282
474
839

1554
2995
5964

11927
24420
51171

109325
237345

WST'PILE
FT YEARS
H3M
.4
.3
.3
.3
.2
.2
.2
.2
.2
.2
.2
,

t

•
.

*

DELTA
44
59
80

1 18
178
281
472
834

1545
2977
5927

11909
24380
51088

109145
236955



S=10* F=0.20

THERMAL AND UPFREEZIN6 ANALYSIS ESTIMATES - PROGRAM UPFREEZ5Y - 04-08-1987
MANVILLE WAUKE6AN, ILL PLANT WASTE PILE

§*»*« YEARS TO UPFREEZE OBJECTS THRU COVER - PRELIMINARY RESULTS t**w*
OBJECTS HAVE (X - A) = 2.00 FT (EFFECTIVE PARTICLE SIZE, EPS.UF) STARTINB AT
TOP OF WASTE PILE-BOTTOM OF COVER OF TOTAL THICKNESS = TCT
THERMAL LOAD FREEZE INDEX (F I ) : LOBNORMAL «/ MEDIAN = 875 MEAN = 935 SD.LN=.3&5

HI = DEPTH OF COVER ABOVE OBJECT, STARTINB AT H1=TCT [FT] - FINE-GRAINED SOIL
UNFROZEN DRY DENS. =100 PCF, WATER CQNT.= 20.3* (80* SAT) KU=O.B1
FROZEN DRY DENS. = 90 PCF, HATER CONT.= 39.7* C/L=.OOB5 L=3&58 KF=1.15

H3M = OBJECT LENGTH FOR MAX UPFREEZE, STARTING IN:
H3 = WASTE PILE OF SOIL-HAVING:

UNFROZEN DRY DENS. =100 PCF, WATER CONT.= 20.3* (80* SAT) KU=0.81
FROZEN DRY DENS. = 90 PCF WATER CONT.= 29.7* C/L=.0085 L=3658 KF=1.15

BOTH" COVER AND WASTE PILE USE HEAVE STRAIN, S = 10*, 95* OF MAX L
HEAVE FRACTION NOT RECOVERED ON THAMING, F = 0.20,
LAMBDA«SQR[N-FACTOR] = .48 (AVG) .00 (SO)

ESTIMATES USE MOD. BERGGREN EQU. W/ KERSTEN KF'S AND + 0* - 25* ERROR IN KF'S
CORRELATION COEFFICIENT BETWEEN Kl.F AND K3.F, R1.3=0.00

FPY = AVG YEARS TO FIRST FROST PENETRATION TO DEPTH HI AND RETURN PERIOD
UP.YRS = ESTIMATED YEARS FOR OBJECT UPFREEZIN6 FROM HI (FOR HI PROPS IN K3) BUT

CORRECT UP.YRS FOR DIFFERENCE IN DELTA'S WHEN OBJECT IN H3.
CONSERATIVE FOR ALL OBJECTS HAVING (X-fl) ( 1 . 10 FT

FOR H1=TCT: UP.YRS IS AN ESTIMATE <+ OR - CV*) OF YEARS TO UPFREEZE THRU COVER
LBOND = 1 STANDARD DEVIATION LOWER BOUND (LB),

ABD = ABOND = ABSOLUTE LB FOR HEAVE STRAIN, UNRECOVER FACTOR AND EPS.UF
R100 = EST'ED RELIABILITY (PROBABILITY) UP.YRS EXCEEDS 100 YEARS

COVER THERMAL PROPERTIES IN H3 (R1.3=l) WST'PILE
n UC.U*UH 3 r iUD<

Hl^TCAVGtCV* FPAVGJCV*
.0
.1
.2
.3
.4
.5

1 .6
1 .7
1 .8
1.9
2.0
2.1
2.2
2 .3
2.4
2.5

408 14
493 14
587 14
689 14
799 14
917 14

1044 14
1178 14
1321 14
1472 14
1630 14
1798 14
1973 14
2156 14
2348 14
2548 14

.976

.931

.851

.737

.601

.463

.337
.233
.154
.097
.059
.035
.020
.011
.006
.003

1 .9
4.9
9.9

16.7
24.6
32.9
41 .2
49.0
56.1
62.3
67.8
72.4
76.4
79.8
82.6
85.0

FPY
1
1
1
1
2
2
4
6
9

17
31
60

119
244
512

1093

———— icjina •
UP.YRS CVX

100 0.3
126 1.0
161 2.4
211 5.2
286 9.4
401 15.2
590 22.6
918 31 .0

1516 39.9
2654 48.6
4893 56.5
9366 63.4

18453 69. 1
37350 74.0
77474 78.0

164142 8 1 .3

LBOND
100
125
157
200
259
340
457
633
911

1364
2127
3430
5693
9721

17058
30686

ABD
25
28
30
33
35
38
40
43
45
48
50
53
55
58
60
62

KRUD. »
R100
95.20

100.00
100.00
100.00
100.00
100.00
99.99
99.90
99.79
99.78
99.84
99.90
99.95
99.97
99.99
99.99

icnnj
DELTA

22
29
40
60
89

141
237
419
777

1497
2982
5964

12210
25586
54663

118673

r i
H3M
.4
.3
.3
.3
.2
.2
.2
.2
.2
.2
.2
. 1
. 1
.1
. 1
. 1

icfino
DELTA

22
29
40
59
89

141
236
417
773

1488
2963
5954

12190
25544
54573

118477



S=l« F=0.30

THERMAL AND UPFREEZIN6 ANALYSIS ESTIMATES - PROGRAM UPFREEZ5Y - 04-08-1987
MANVILLE MAUKE6AN, ILL PLANT MASTE PILE

YEARS TO UPFREEZE OBJECTS THRU COVER - PRELIMINARY RESULTS
OBJECTS HflVE (X - A) = 2.00 FT (EFFECTIVE PARTICLE SIZE, EPS.UF) STARTING AT
TOP OF WASTE PILE-BOTTOM OF COVER OF TOTAL THICKNESS = TCT
THERMAL LOAD FREEZE INDEX (FI) : LOGNORMAL U/ MEDIAN = 875 MEAN = 935 SD.LN=.365
HI = DEPTH OF COVER ABOVE OBJECT, STARTING AT H1=TCT CFT3 - FINE-GRAINED SOIL

UNFROZEN DRY DENS. =100 PCF, MATER CONT.= 20.3* (8W SAT) KU=0.fll
FROZEN DRY DENS. = 90 PCF, MATER CONT.= 29.7X C/L=.0085 L=3658 KF=1.15

H3M = OBJECT LENGTH FOR MAX UPFREEZE, STARTING IN:
H3 = MASTE PILE OF SOIL-WAVING:

UNFROZEN DRY DENS. =100 PCF, MATER CONT.= 20.3X (80* SAT) KU=0.81
FROZEN DRY DENS. = 90 PCF MATER CONT.= 29.7< C/L=.0085 L=3658 KF=1.15

BOttrtXIVER AND MASTE PILE USE HEAVE STRAIN, S = 1W, 95* OF MAX L
HEAVE FRACTION NOT RECOVERED ON THAMING, F = 0.30,
LAMBDA*SQR[N-FACTOR] = .48 (AVG) .00 <SD)

ESTIMATES USE MOD. BERGGREN EQU. M/ KERSTEN KF'S AND + « - 25< ERROR IN KF'S
CORRELATION COEFFICIENT BETMEEN Kl.F AND K3.F, R1.3=0.00
FPY = AVG YEARS TO FIRST FROST PENETRATION TO DEPTH HI AND RETURN PERIOD
UP.YRS = ESTIMATED YEARS FOR OBJECT UPFREEZIN6 FROM HI (FOR HI PROPS IN H3> BUT

CORRECT UP.YRS FOR DIFFERENCE IN DELTA'S MHEN OBJECT IN H3.
CONSERATIVE FOR ALL OBJECTS HAVING (X-A) ( 1 . 10 FT

FOR H1=TCT: UP.YRS IS AN ESTIMATE (+ OR - CW OF YEARS TO UPFREEZE THRU COVER
LBOND = 1 STANDARD DEVIATION LOMER BOUND (LB),

ABD = ABOND = ABSOLUTE LB FOR HEAVE STRAIN, UNRECOVER FACTOR AND EPS.UF
R100 = EST'ED RELIABILITY (PROBABILITY) UP.YRS EXCEEDS 100 YEARS

COVER THERMAL PROPERTIES IN H3 <R1.3=1) MST'PILE
r > uorruma rnuo. ——
Hl^TtAVGtCV* FPAV64CV*
.0
. 1
.2
.3
.4
.5

1 .6
1.7
1 .8
1 .9
2.0
2.1
2.2
2.3
2.4
2.5

406 14
493 14
587 14
689 14
799 14
917 14

1044 14
1178 14
1321 14
1472 14
1630 14
1798 14
1973 14
2156 14
2348 14
254S 14

.976

.931

.851

.737

.601

.463

.337

.233

.154
.097
.059
.035
.020
.011
.006
.003

1 .9
4.9
9.9

16.7
24.6
32.9
41 .2
49.0
56.1
62.3
67.8
72.4
76.4
79.8
82.6
85.0

FPY
1
1
1
1
2
2
4
6
9

17
31
60

1 19
244
512

1093

——— ILMKO ————
UP.YRS

67
84

108
141
190
267
393
612

101 1
1769
3262
6244

12302
24900
51650

109428

CVX
0.3
1 .0
2.4
5.2
9.4

15.2
22.6
31 .0
39.9
48.6
56.5
63.4
69.1
74.0
78.0
81 .3

LBOND
67
83

105
134
173
227
305
422
607
909

1418
2286
3795
6481

11372
20457

——— KRU0. >
ABD R100

17 0.00
18 0.00
20 99.78
22 100.00
23 100.00
25 100.00
27 99.95
28 99.76
30 99.55
32 99.54
33 99.67
35 99.79
37 99.89
38 99.94
40 99.97
42 99.99

itHira
DELTA

15
20
27
40
60
94

158
280
518
998

1988
3976
8140

17057
36442
79115

r i
H3M
.4
.3
.3
.3
.2
.2
.2
.2
.2
.2
.2
.1
. 1
. 1
. 1
.1

imro
DELTA

15
20
27
39
59
94

157
278
515
992

1976
3970
8127

17029
36382
78985



S=10* F=0.40

THERMAL AND UPFREEZIN6 ANALYSIS ESTIMATES — PROGRAM UPFREEZ5Y - 04-08-1987
MANVILLE UAUKE6AN, ILL PLANT WASTE PILE

**«** YEARS TO UPFREEZE OBJECTS THRU COVER - PRELIMINARY RESULTS ******
OBJECTS HAVE (X - A) = 2.00 FT (EFFECTIVE PARTICLE SIZE, EPS.UF) STARTING AT
TOP OF UASTE PILE-BOTTOM OF COVER OF TOTAL THICKNESS = TCT

THERMAL LOAD FREEZE INDEX (FI): LOGNORMAL «/ MEDIAN = 875 MEAN = 935 SD.LN=.365

HI = DEPTH OF COVER ABOVE OBJECT, STARTING AT H1=TCT [FT] - FINE-GRAINED SOIL
UNFROZEN DRY DENS.=100 PCF, HATER CONT.= 80.3* (80* SAT) KU=0.81
FROZEN DRY DENS. = 90 PCF, MATER CONT.= 29.7* C/L=.0085 L=3658 KF=1.15

H3M = OBJECT LENGTH FOR MAX UPFREEZE, STARTING IN:
H3 = WASTE PILE OF SOIL-HAVING:

UNFROZEN DRY DENS. =100 PCF, MATER CONT.= 20.3* <8W SAT) KU=0.81
FROZEN DRY DENS. = 90 PCF WATER CONT.= 29.7< C/L=.0085 L=3658 KF=1.15

BOTH COVER AND MASTE PILE USE HEAVE STRAIN, S = 1W, 95* OF MAX L
HEAVE FRACTION NOT RECOVERED ON THAUING, F = 0.40,
LAMBDA*SQR[N-FACTOR] = .48 (AVG) .00 (SD)

ESTIMATES USE MOD. BERGGREN EQU. W/ KERSTEN KF'S AND + OX - 25> ERROR IN KF'S
CORRELATION COEFFICIENT BETWEEN Kl .F AND K3.F, R1.3=0.00

FPY = AVG YEARS TO FIRST FROST PENETRATION TO DEPTH HI AND RETURN PERIOD
UP.YRS = ESTIMATED YEARS FOR OBJECT UPFREEZIN6 FROM HI <FOR HI PROPS IN H3) BUT

CORRECT UP.YRS FOR DIFFERENCE IN DELTA'S WHEN OBJECT IN H3.
CONSERATIVE FOR ALL OBJECTS HAVING (X-A) < 1 . 10 FT

FOR H1=TCT: UP.YRS IS AN ESTIMATE <+ OR - CV<) OF YEARS TO UPFREEZE THRU COVER
LBOND = 1 STANDARD DEVIATION LOWER BOUND (LB),

ABD = ABOND = ABSOLUTE LB FOR HEAVE STRAIN, UNRECOVER FACTOR AND EPS.UF
R100 = EST'ED RELIABILITY (PROBABILITY) UP.YRS EXCEEDS 100 YEARS

COVER THERMAL PROPERTIES IN H3 (R1.3=l) WST'PILE
rx__HI
1 .0
1.1
1.2
1 .3
1 .4
1 .5
1.6
1 .7
1 .8
1 .9
2.0
2.1
2.2
2.3
2.4
2.5

s utu»umo rnuc. ——
TCAVGICW FPAVGtCW

408
493
587
689
799
917

1044
1178
1321
1472
1630
1798
1973
2156
2348
2548

14 .976
14 .931
14 .851
14 .737
14 .601
14 .463
14 .337
14 .233
14 . 154
14 .097
14 .059
14 .035
14 .020
14 .0 1 1
14 .006
14 .003

1 .9
4.9
9.9

16.7
24.6
32.9
41.2
49.0
56.1
62.3
67.8
72.4
76.4
79.8
82.6
85.0

FPY
1
1
1
1
2
2
4
6
9

17
31
60

119
244
512

1093

———— icnna ——————
UP.YRS

50
63
81

106
143
200
295
459
758

1327
2447
4683
9226

18675
38737
82071

CV*
0.3
1 .0
2.4
5.2
9.4

15.2
22.6
31 .0
39.9
48.6
56.5
63.4
69.1
74.0
78.0
8 1 .3

LBOND
50
63
79

100
129
170
228
317
455
682

1063
1715
2846
4861
8529

15343

ABD
13
14
15
16
18
19
20
21
23
24
25
26
28
29
30
31

KflUD. *
R100

0.00
0.00
0.00

84.84
99.93
99.95
99.83
99.52
99.26
99.29
99.49
99.69
99.83
99.91
99.95
99.98

TomD r i
DELTA H3M

1 1 .4
15 .3
20 .3
30 .3
45 .2
71 .2

118 .2
210 .2
389 .2
749 .2

1491 .2
2982 .1
6105 .1

12793 .1
27331 .1
59336 .1

Ttnira
DELTA

11
15
20
30
45
70

118
209
386
744

1482
2977
6095

12772
27286
59239



S=1W F=0.50

THERMAL flND UPFREEZING ANALYSIS ESTIHflTES - PROGRAM UPFREEZ5Y - 04-08-1987
MANVILLE MAUKE6AN, ILL PLflNT HftSTE PILE

««« YEARS TO UPFREEZE OBJECTS THRU COVER — PRELIMINARY RESULTS ****«

OBJECTS HflVE (X - fl) = 2.00 FT (EFFECTIVE PflRTICLE SIZE, EPS.UF) STORTING flT
TOP OF WASTE PILE-BOTTOM OF COVER OF TOTflL THICKNESS = TCT

THERMAL LOAD FREEZE INDEX (FI) : L06NORMAL W/ MEDIAN = 875 MEAN = 935 SD.LN=.365
HI = DEPTH OF COVER flBOVE OBJECT, STflRTING flT H1=TCT [FT3 - FINE-6RflINED SOIL

UNFROZEN DRY DENS. =100 PCF, WATER CONT.= 20.3$ (80* SflT) KU=0.81
FROZEN DRY DENS. = 90 PCF, HATER CONT.= 29.7* C/L=.0065 L=3658 KF=1.15

H3M = OBJECT LENGTH FOR MAX UPFREEZE, STflRTING IN:
H3 = WftSTE PILE OF SOIL-HflVING:

UNFROZEN DRY DENS. =100 PCF, WflTER CONT.= 20.3* (80* SflT) KU=0.81
FROZEN DRY DENS. = 90 PCF WATER CONT.= 29.7* C/L=. 0085 L=3658 KF=1 . 15

BdtfT COVER flND WASTE PILE USE HEftVE STRflIN, S = 10*, 95* OF MAX L
HEftVE FRACTION NOT RECOVERED ON THAWING, F = 0.50,
LAMBDAtSQREN-FACTOR] = .48 (ftVG) .00 (SD)

ESTIMATES USE MOD. BERGGREN EQU. W/ KERSTEN KF'S AND + OX - 25* ERROR IN KF'S
CORRELflTION COEFFICIENT BETWEEN Kl .F AND K3.F, R1.3=0.00

FPY = AV6 YEARS TO FIRST FROST PENETRATION TO DEPTH HI flND RETURN PERIOD
UP.YRS = ESTIMATED YEARS FOR OBJECT UPFREEZING FROM HI (FOR Hi PROPS IN H3> BUT

CORRECT UP.YRS FOR DIFFERENCE IN DELTA'S WHEN OBJECT IN H3.
CONSERATIVE FOR ALL OBJECTS HAVING (X-A) ( 1 . 10 FT

FOR H1=TCT: UP.YRS IS AN ESTIMATE (+ OR - CV*) OF YEARS TO UPFREEZE THRU COVER
LKM) = 1 STANDARD DEVIATION LOWER BOUND (LB),

ABD = ABOND = ABSOLUTE LB FOR HEAVE STRAIN, UNRECOVER FACTOR AND EPS.UF
R100 = EST'ED RELIABILITY (PROBftBILITY) UP.YRS EXCEEDS 100 YEARS

COVER THERMAL PROPERTIES IN H3 <R1.3=1) WST'PILE
r 1 a r nuD.
Hr~fCftV6tCVX FPflVGtCV*
1 .0
1.1
1.2
1.3
1 .4
1.5
1 .6
1 .7
1 .8
1.9
2.0
2.1
2.2
2.3
2.4
2.5

408 14
493 14
587 14
689 14
799 14
917 14

1044 14
1178 14
1321 14
1472 14
1630 14
1798 14
1973 14
2156 14
2348 14
2548 14

.976 1.9
.931 4.9
.851 9.9
.737 16.7
.601 24.6
.463 32.9
.337 41 .2
.233 49.0
. 154 56. 1
.097 62.3
.059 67.8
.035 72.4
.020 76.4
.01 1 79.8
.006 82.6
.003 85.0

——————— TCrma ———————
FPY

1
1
1
1
2
2
4
6
9

17
31
60

119
244
512

1093

UP.YRS
40
51
65
84

114
160
236
367
607

1061
1957
3746
7381

14940
30990
65657

CVX
0.3
1 .0
2.4
5.2
9.4

15.2
22.6
31 .0
39.9
48.6
56.5
63.4
69.1
74.0
78.0
81 .3

LBOND
40
50
63
80

104
136
183
253
364
546
851

1372
2277
3888
6823

12274

ABD
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

rnuo. *
R100

0.00
0.00
0.00
0.02

90.81
99.33
99.47
99.16
98.92
99.03
99.31
99.58
99.76
99.88
99.94
99.97

icuno
DELTfl

9
12
16
24
36
56
95

168
311
599

1 193
2385
4884

10234
21865
47469

r i
H3M
.4
.3
.3
.3
.2
.2
.2
.2
.2
.2
.2
. 1
. 1
. 1
. 1
. 1

Tcnno
DELTA

9
12
16
24
36
56
94

167
309
595

1185
2382
4876

10218
21629
47391



S=2W F=0.10

THERMAL flND UPFREEZIN6 ANALYSIS ESTIHflTES - PROGRAM UPFREEZ5Y - 04-08-1987
MftNVILLE WAUKEGAN, ILL PLANT WASTE PILE

»**»* YEARS TO UPFREEZE OBJECTS THRU COVER - PRELIMINARY RESULTS ***«*
OBJECTS HAVE (X - ft) = 2.00 FT (EFFECTIVE PARTICLE SIZE, EPS.UF) STARTING AT
TOP OF HASTE PILE-BOTTOM OF COVER OF TOTAL THICKNESS = TCT

THERMAL LOAD FREEZE INDEX (FI): L06NORMAL W/ MEDIAN = 875 MEAN = 935 SD. LN=. 365

HI = DEPTH OF COVER ABOVE OBJECT, STflRTING AT H1=TCT [FT] - FINE-GRAINED SOIL
UNFROZEN DRY DENS. =100 PCF, WATER CONT.= 20.3* (BOX SAT) KIMJ.81
FROZEN DRY DENS. = 80 PCF, WATER CONT.= 37.7X C/L=.0076 L=4124 KF=1.18

H3M = OBJECT LENGTH FOR MAX UPFREEZE, STflRTING IN:
H3 = WASTE PILE OF SOIL-HflVING:

UNFROZEN DRY DENS. =100 PCF, WATER CONT.= 20.3* (BOX SAT) KIMJ.B1
FROZEN DRY DENS. = 80 PCF WflTER CONT.= 37.7X C/L=.0076 L=4124 KF=1 . 18

BOTH COVER AND WASTE PILE USE HEAVE STRAIN, S = 20X, 95* OF MAX L
HEAVE FRACTION NOT RECOVERED ON THAWING, F = 0. 10,
LAMBDA*SQR[N-FACTOR] = .48 (ftVG) .00 (SD>

ESTIMflTES USE MOD. BERGGREN EQU. W/ KERSTEN KF'S AND + 0* - 25X ERROR IN KF'S
CORRELATION COEFFICIENT BETWEEN Kl .F AND K3.F, R1.3=0.00

FPY = AV6 YEARS TO FIRST FROST PENETRATION TO DEPTH HI AND RETURN PERIOD
UP.YRS = ESTIMATED YEARS FOR OBJECT UPFREEZIN6 FROM HI (FOR HI PROPS IN H3) BUT

CORRECT UP.YRS FOR DIFFERENCE IN DELTA'S WHEN OBJECT IN H3.
CONSERATIVE FOR ALL OBJECTS HAVING (X-A) ( 0.90 FT

FOR H1=TCT: UP.YRS IS AN ESTIMATE (+ OR - CVX) OF YEARS TO UPFREEZE THRU COVER
LBOND = 1 STANDARD DEVIATION LOWER BOUND (LB>,

ABD = ABOND = ABSOLUTE LB FOR HEAVE STRAIN, UNRECOVER FACTOR AND EPS.UF
R100 = EST'ED RELIABILITY (PROBABILITY) UP.YRS EXCEEDS 100 YEARS

COVER THERMAL PROPERTIES IN H3 (R1.3=l) WST'PILE
ri~— i — uco»unia rnuo. ——————— itnna ———————
HI
1 .0
1 .1
1 .2
1 .3
1 .4
1 .5
1 .6
1 .7
1 .8
1 .9
2.0
2.1
2.2
2.3
2.4
6
2.5
0

TCAVGtCVX FPAVGtCVX
533 14
645 14
767 14
900 14

1044 14
1199 14
1364 14
1540 14
1726 14
1923 14
2131 14
2350 14
2579 14
2818 14
3069 14

3330 14

.901

.789

.640

.482

.336

.220

. 135
.079
.044
.024
.012
.006
.003
.001
.001

.000

6.8
13.6
22.3
31 .8
41 .3
50.1
58.0
64.8
70.5
75.4
79.4
82.6
85.4
87.6
89.5

91 .0

FPY
1
1
2
2
4
6
11
22
45
98

221
515

1229
2991
7402

18555

UP.YRS
140
189
262
383
598

1010
1829
3505
7091

15081
33490
77077

182570
442405

1091336

2729636

CVX
1 .5
3.9
8.1

14 .5
22.9
32.8
42.9
52.3
60.6
67.6
73.4
78. 1
81 .8
84.8
87.3

89.3

LBOND
138
181
241
328
461
679

1045
1672
2793
4880
8903

16891
33163
67031

ABD
25
28
30
33
35
38
40
43
45
48
50
53
55
58

rnui>. *
R100
100.00
100.00
100.00
100.00
99.99
99.87
99.75
99.78
99.86
99.93
99.%
99.98
99.99

loino r i lomo
DELTA H3M DELTA

39 .3
58 .2
90 .2

152 .2
278 .2
546 .2

1091 .1
2262 .1
4909 .1

11070 .1
25749 .1
61427 . 1

149558 .1
100.00 370111 .1

X138810 60 100.00

X293263 62 100.00

927752 .

2348848 .

38
58
89

151
277
542

1090
2258
4899

11046
25694
61295

149237
369323

1 92579

1 234398



S=2M F=0.20

THERMAL AND UPFREEZING ANALYSIS ESTIMATES - PROGRAM UPFREEZ5Y — 04-08-1987
MANVILLE HAUKESAN, ILL PLANT WASTE PILE

****« YEARS TO UPFREEZE OBJECTS THRU COVER - PRELIMINARY RESULTS »««
OBJECTS HAVE (X - A) = 2.00 FT (EFFECTIVE PARTICLE SIZE, EPS.UF) STARTING AT
TOP OF HASTE PILE-BOTTOM OF COVER OF TOTAL THICKNESS = TCT

THERMAL LOAD FREEZE INDEX <F I > : LOGNORMAL H/ MEDIAN = 875 (CAN = 935 SD.UK 365

HI = DEPTH OF COVER ABOVE OBJECT, STARTING AT H1=TCT [FT] - FINE-GRAINED SOIL
UNFROZEN DRY DENS.=100 PCF, WATER CONT.= 20.3* <80< SAT) KU=0.81
FROZEN DRY DENS. = 80 PCF, HATER CONT.= 37.7< C/L=.0076 L=4124 KF=1 . 18

H3M = OBJECT LENGTH FOR MRX UPFREEZE, STARTING IN:
H3 = HASTE PILE OF SOIL-HAVING:

UNFROZEN DRY DENS. =100 PCF, HATER CONT.= 20.3* (80* SAT) KU=O.B1
FROZEN DRY DENS. = 80 PCF HATER CONT.= 37.7* C/L=.0076 L=4124 KF=1.18

BdrrcovER AND HASTE PILE USE HEAVE STRAIN, s = 20*, 95* OF MAX L
HEAVE FRACTION NOT RECOVERED ON THAHING, F = 0.20,
LAMBDA«SQR[N-FACTOR] = .48 <AV6> .00 (SD)

ESTIMATES USE HOD. BERGGREN EQU. U/ KERSTEN KF'S AND + OX - 25X ERROR IN KF'S
CORRELATION COEFFICIENT BETWEEN Kl .F AND K3.F, R1.3=0.00

FPY = AVG YEARS TO FIRST FROST PENETRATION TO DEPTH HI AND RETURN PERIOD
UP.YRS = ESTIMATED YEARS FOR OBJECT UPFREEZING FROM HI (FOR HI PROPS IN H3> BUT

CORRECT UP.YRS FOR DIFFERENCE IN DELTA'S WHEN OBJECT IN H3.
CONSERATIVE FOR ALL OBJECTS HAVING (X-A) ( 0.90 FT

FOR H1=TCT: UP.YRS IS AN ESTIMATE (+ OR - CW OF YEARS TO UPFREEZE THRU COVER
LBOND = 1 STANDARD DEVIATION LOWER BOUND (LB),

ABD = ABOND = ABSOLUTE LB FOR HEAVE STRAIN, UNRECOVER FACTOR AND EPS.UF
R100 = EST'ED RELIABILITY (PROBABILITY) UP.YRS EXCEEDS 100 YEARS

COVER THERMAL PROPERTIES IN H3 (R1.3=l) UST'PILE
r
HI
1 .0
1 . 1
1 .2
1 .3
1 .4
1 .5
1 .6
1 .7
1 .8
1 .9
2.0
2.1
2.2
2.3
2.4
2.5
0

rum:
TCAV64CV*

533
645
767
900

1044
1199
1364
1540
1726
1923
2131
2350
2579
2818
3069
3330

14 .
14 .
14 .
14 .
14 .
14 .
14 .
14 .
14 .
14 .
14 .
14 .
14 .
14 .
14 .
14 .

rnuc.
FPAVGtCW
901 6.8
789 13.6
640 22.3
482 31.8
336 41.3
220 50.1
135 58.0
079 64.8
044 70.5
024 75.4
012 79.4
006 82.6
003 85.4
001 87.6
001 89.5
00091 .0

FPY
1
1
2
2
4
6
11
22
45
98

221
515

1229
2991
7402

18555

——— ii
UP.YRS

70
94

131
191
299
505
914

1753
3546
7540

16745
38539
91285

221202
545668

1364818

^MHOcv*
1 .5
3.9
8.1

14.5
22.9
32.8
42.9
52.3
60.6
67.6
73.4
78.1
6 1 .8
84.8
87.3
89.3

LBOND
69
91

120
164
231
340
522
836

1397
2440
4451
8445

16582
33515
69405

ABD
13
14
15
16
IB
19
20
21
23
24
25
26
28
29
30

rnuo. »
R100

0.00
6.13

99.83
99.95
99.82
99.44
99.23
99.36
99.59
99.78
99.89
99.95
99.98
99.99

100.00

icnno r i
DELTA H3M

19 .3
29 .2
45 .2
76 .2

139 .2
273 .2
546 .
1131 .
2455 .
5535 .

12874 .
30713 . 1
74779 .1

185056 .1
463876 .1

K146632 31 100.00 1174424 .1

i crina
DELTA

19
29
45
76

138
271
545

1129
2450
5523

12847
30647
74619

184661
462898
117199



5=20* F=0.30

THERMAL flND UPFREEZIN6 flNflLYSIS ESTIMATES - PROGRAM UPFREEZ5Y - 04-08-1987
MftNVILLE WAUKE6AN, ILL PLflNT WftSTE PILE

*««« YEflRS TO UPFREEZE OBJECTS THRU COVER - PRELIMINARY RESULTS

OBJECTS HftVE (X - ft) = 2.00 FT (EFFECTIVE PflRTICLE SIZE, EPS.UF) STflRTINB flT
TOP OF HflSTE PILE-BOTTOM OF COVER OF TOTftL THICKNESS = TCT

THERMAL LOAD FREEZE INDEX (FI): L06NORMAL H/ MEDIAN = 875 MEAN = 935 SD.LN=.365
HI = DEPTH OF COVER ABOVE OBJECT, STARTING AT H1=TCT [FT] — FINE-GRAINED SOIL

UNFROZEN DRY DENS. =100 PCF, HATER CONT.= 20.3< <8M SAT) KU=0.81
FROZEN DRY DENS. = 80 PCF, HATER CONT.= 37.7* C/L=.0076 L=4124 KF=1.18

H3M = OBJECT LENGTH FOR MAX UPFREEZE, STARTING IN:
H3 = WASTE PILE OF SOIL-HAVING:

UNFROZEN DRY DENS. =100 PCF, WATER CONT.= 20.» (8CX SAT) KU=0.81
FROZEN DRY DENS. = 80 PCF HATER CONT.= 37.7% C/L=.0076 L=4124 KF=1.18

BdtrrCOVER AND HASTE PILE USE HEAVE STRftIN, S = 2M, 95< OF MflX L
HEflVE FRACTION NOT RECOVERED ON THAWING, F = 0.30,
LAMBDAtSQR[N-FACTOR] = .48 (AV6) .00 (SD)

ESTIMATES USE MOD. BERGGREN EQU. W/ KERSTEN KF'S AND + 0* - 25X ERROR IN KF'S
CORRELATION COEFFICIENT BETWEEN Kl.F AND K3.F, R1.3=0.00

FPY = ftVG YEARS TO FIRST FROST PENETRATION TO DEPTH HI AND RETURN PERIOD
UP.YRS = ESTIMATED YEARS FOR OBJECT UPFREEZIN6 FROM HI (FOR HI PROPS IN H3) BUT

CORRECT UP.YRS FOR DIFFERENCE IN DELTA'S WHEN OBJECT IN H3.
CONSERfiTIVE FOR ftLL OBJECTS HAVING (X-A) < 0.90 FT

FOR H1=TCT: UP.YRS IS AN ESTIMATE (+ OR - CW) OF YEflRS TO UPFREEZE THRU COVER
LBOND = 1 STANDARD DEVIATION LOWER BOUND (LB),

flBD = flBOND = flBSOLUTE LB FOR HEAVE STRAIN, UNRECOVER FACTOR AND EPS.UF
R100 = EST'ED RELIABILITY (PROBABILITY) UP.YRS EXCEEDS 100 YEARS

F, -DE6«DAYS PROB.
Hl̂ tCAVGtCW FPflVGJCV*
1 .0
1 .1
1 .2
1 .3
1 .4
1 .5
1 .6
1 .7
1.8
1 .9
2.0
2.1
2.2
2.3
2.4
2.5

533
645
767
900

1044
1199
1364
1540
1726
1923
2131
2350
2579
2818
3069
3330

14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14

.901

.789

.640

.482

.336

.220

.135

.079
.044
.024
.012
.006
.003
.001
.001
.000

6.8
13.6
22.3
31 .8
41 .3
50.1
58.0
64.8
70.5
75.4
79.4
82.6
85.4
87.6
89.5
91.0

COVER THERMflL PROPERTIES It
ur-nrv^

FPY
1
1
2
2
4
6
11
22
45
98

221
515

1229
2991
7402

18555

UP.YRS CW LBOND
47 1.5 46
63 3.9 60
87 8.1 80

128 14 .5 109
199 22.9 154
337 32.8 226
610 42.9 348

1 169 52.3 557
2364 60.6 931
5027 67.6 1627

11 163 73.4 2968
25692 78. 1 5630
60857 81 .8 11054

147468 84.8 22344
363779 87.3 46270
909879 89.3 97754

ABD
8
9

10
11
12
13
13
14
15
16
17
IB
18
19
20
21

J H3 (Rl
PROB.*
R100

0.00
0.00
3.82

93.29
98.52
98.56
98.55
98.89
99.32
99.63
99.82
99.92
99.97
99.99
99.99

100.00

.3=1)
YEflRS
DELTA

13
19
30
51
93

182
364
754

1636
3690
8583

20476
49853

123370
309251
782949

WST'PILE
FT YEflRS
H3M DELTA
.3
.2
.2
.2
.2
.2
. 1
. 1
. 1
. 1
. 1
. 1
. 1
. 1
. 1
.1

13
19
30
50
92

181
363
753

1633
3682
8565

20432
49746

123108
308599
781327



S=2M F=O.AO

THERMAL flND UPFREEZINB ANALYSIS ESTIMATES - PROGRAM UPFREEZ5Y — 04-03-1387
MANVILLE HAUKEGAN, ILL PLANT HASTE PILE

*»*« YEARS TO IFFREEZE OBJECTS THRU COVER - PRELIMINARY RESULTS *»w*
OBJECTS HflVE (X - fl) = 2.00 FT (EFFECTIVE PARTICLE SIZE, EPS.UF) STARTING AT
TOP OF HASTE PILE-BOTTOM OF COVER OF TOTAL THICKNESS = TCT

THERMAL LOAD FREEZE INDEX (FI) : L06NORMAL H/ MEDIAN = 875 MEAN = 935 SD.LN=.365
HI = DEPTH OF COVER ABOVE OBJECT, STARTING AT H1=TCT [FT] - FINE-GRAINED SOIL

UNFROZEN DRY DENS. =100 PCF, WATER CONT.= 20.3* (BM SAT) KU=0.81
FROZEN DRY DENS. = 80 PCF, MATER CONT.= 37.7X C/L=.0076 L=4124 KF=1 . 18

H3M = OBJECT LENGTH FOR MAX UPFREEZE, STARTING IN:
H3 = HASTE PILE OF SOIL-HAVING:

UNFROZEN DRY DENS. =100 PCF, HATER CONL= 20.3* (8W SAT) KU=0.81
FROZEN DRY DENS. = 80 PCF HATER CONT.= 37.7* C/L=.0076 L=4124 KF=1 . 18

BOTFTCOVER AND HASTE PILE USE HEAVE STRAIN, S = 2W, 95* OF MAX L
HEAVE FRACTION NOT RECOVERED ON THAUING, F = 0.40,
LAMBDA«SQR[N-FACTOR] = .48 (AVG) .00 (SD)

ESTIMATES USE MOD. BERGGREN EQU. H/ KERSTEN KF'S AND * 0* - 25* ERROR IN KF'S
CORRELATION COEFFICIENT BETHEEN Kl.F AND K3.F, R1.3=0.00

FPY = AVG YEARS TO FIRST FROST PENETRATION TO DEPTH HI AND RETURN PERIOD
UP.YRS = ESTIMATED YEARS FOR OBJECT UPFREEZIN6 FROM HI (FOR HI PROPS IN H3) BUT

CORRECT UP.YRS FOR DIFFERENCE IN DELTA'S HHEN OBJECT IN H3.
CONSERATIVE FOR ALL OBJECTS HAVING (X-fl) ( 0.90 FT

FOR H1=TCT: UP.YRS IS AN ESTIMATE (* OR - CW) OF YEARS TO UPFREEZE THRU COVER
LBOND = 1 STANDARD DEVIATION LOWER BOUND (LB),

ABD = ABOND = ABSOLUTE LB FOR HEAVE STRAIN, UNRECOVER FACTOR AND EPS.UF
R100 = EST'ED RELIABILITY (PROBABILITY) UP.YRS EXCEEDS 100 YEARS

COVER THERMAL PROPERTIES IN H3 (R1.3=l) HST'PILE
r i^_
HI
.0
. 1
.2
.3
.4
.5
.6

1 .7
1 .8
1 .9
2.0
2.1
2.2
2.3
2.4
E.5

_. -UCDTUH ! 3 KITUD.
TCAVGtCW FPAVGtCV*

533 14
645 14
767 14
900 14

1044 14
1199 14
1364 14
1540 14
1726 14
1923 14
2131 14
2350 14
2579 14
2818 14
3069 14
3330 14

.901 6.8

.789 13 .6

.640 22.3

.482 31 .8

.336 41 .3

.220 50.1

. 135 58.0

.079 64.8

.044 70.5

.024 75.4

.012 79.4

.006 82.6

.003 85.4

.001 87.6

.001 89.5

.000 91 .0

FPY
1
1
2
2
4
6
11
22
45
98

221
515

1229
2991
7402

18555

——— Ttuna •
UP.YRS CV*

35
47
66
%

150
253
457
876

1773
3770
8372

19269
45642

110601
272834
682409

1 .5
3.9
8.1

14.5
22.9
32.8
42.9
52.3
60.6
67.6
73.4
78. 1
8 1 .8
84.8
87.3
89.3

LBOND
35
45
60
82

1 15
170
261
418
698

1220
2226
4223
8291

16758
34702
73316

ABD
6
7
8
8
9
9

10
11
11
12
13
13
14
14
15
16

KflUO. »
R100

0.00
0.00
0.00

37.93
92.60
96.89
97.68
98.38
99.03
99.49
99.75
99.89
99.95
99.98
99.99

100.00

Tcmra
DELTA

10
14
22
38
70

136
273
565

1227
2767
6437

15357
37390
92528

231938
587212

r 1 TtHKD
H3H DELTA
.3
.2
.2
.2
.2
.2
. 1
. 1
. 1
. 1
.1
. 1
. 1
.1
. 1
.1

10
14
22
38
69

135
272
564

1225
2762
6423

15324
37309
92331

231449
585995



S=20* F=0.50

THERMAL flND UPFREEZIN6 ANALYSIS ESTIMATES - PROGRAM UPFREEZ5Y - 04-08-1987
MANVILLE WAUKE6AN, ILL PLftNT WASTE PILE

****** YEflRS TO UPFREEZE OBJECTS THRU COVER - PRELIMINARY RESULTS ******

OBJECTS HflVE (X - fl) = 2.00 FT (EFFECTIVE PARTICLE SIZE, EPS.UF) STARTING flT
TOP OF WASTE PILE-BOTTOM OF COVER OF TOTAL THICKNESS = TCT

THERMAL LOAD FREEZE INDEX (FI) : L06NORMAL W/ MEDIAN = 875 MEAN = 935 SD.LN=. 365

HI = DEPTH OF COVER ABOVE OBJECT, STARTING AT H1=TCT [FT] - FINE-GRAINED SOIL
UNFROZEN DRY DENS.=100 PCF, HATER CONT.= 20.3* (60% SAT) KU=0.fll
FROZEN DRY DENS. = SO PCF, WATER CONT.= 37.7* C/L=.0076 L=4124 KF=1.18

H3M = OBJECT LENGTH FOR MAX UPFREEZE, STARTING IN:
H3 = WASTE PILE OF SOIL-HAVING:

UNFROZEN DRY DENS. =100 PCF, WATER CONT.= 20.3* <80* SAT) KU=0.81
FROZEN DRY DENS. = 80 PCF WATER CONT.= 37.7* C/L=.0076 L=4124 KF=1 .18

BOTfi COVER AND WASTE PILE USE HEAVE STRAIN, S = 20*, 95* OF MAX L
HEAVE FRACTION NOT RECOVERED ON THAWING, F = 0.50,
LAMBDA«SQR[N-FACTDR] = .48 (AV6) .00 (SD)

ESTIMATES USE MOD. BERGGREN EQU. W/ KERSTEN KF'S AND * 0* - 25* ERROR IN KF'S
CORRELATION COEFFICIENT BETWEEN Kl.F AND K3.F, R1.3=0.00

FPY = AV6 YEARS TO FIRST FROST PENETRATION TO DEPTH HI AND RETURN PERIOD
UP.YRS = ESTIMATED YEflRS FOR OBJECT UPFREEZIN6 FROM HI (FOR HI PROPS IN H3) BUT

CORRECT UP.YRS FOR DIFFERENCE IN DELTA'S WHEN OBJECT IN H3.
CONSERATIVE FOR ALL OBJECTS HAVING (X-fi) ( 0.90 FT

FOR H1=TCT: UP.YRS IS AN ESTIMATE (+ OR - CV*) OF YEARS TO UPFREEZE THRU COVER
LBOND = 1 STANDARD DEVIATION LOWER BOUND (LB),

ABD = ABOND = ABSOLUTE LB FOR HEAVE STRAIN, UNRECOVER FACTOR AND EPS.UF
R100 = EST'ED RELIABILITY (PROBABILITY) UP.YRS EXCEEDS 100 YEARS

F^_. -DEBfDAYS PROB.
HI
1 .0
1.1
.2
.3
.4
.5
.6
.7

1 .8
1 .9
2.0
2.1
2.2
2.3
2.4
2.5

TCAVGtCV*
533
645
767
900

1044
1199
1364
1540
1726
1923
2131
2350
2579
2818
3069
3330

14 .
14 .
14 .
14 .
14 .
14 .
14 .
14 .
14 .
14 .
14 .
14 .
14 .
14 .
14 .
14 .

FPAVG4CV*
901 6.8
789 13.6
640 22.3
482 31 .8
336 41 .3
220 50.1
135 58.0
079 64.8
044 70.5
024 75.4
012 79.4
006 82.6
003 85.4
001 87.6
001 89.5
000 91 .0

COVf

FPY
1
1
2
2
4
6
11
22
45
98

221
515

1229
2991
7402

18555

[R THERMAL PR(
——— YEARS

UP.YRS
28
38
52
77

120
202
366
701

1418
3016
6698

15415
36514
88481

218267
545927

CV*
1 .5
3.9
8 . 1

14.5
22.9
32.8
42.9
52.3
60.6
67.6
73.4
78.1
8 1 .8
84.8
87.3
89.3

JPERTIES II
LBOND

28
36
48
66
92

136
209
334
559
976

1781
3378
6633

13406
27762
58653

ABD
5
6
6
7
7
8
8
9
9

10
10
11
11
12
12
12

* H3 (Rl
PROB.*
R100

0.00
0.00
0.00
1 .74

76.31
93.99
96.58
97.82
98.74
99.34
99.68
99.85
99.94
99.97
99.99

100.00

.3=1) WST'PILE
YEARS FT YEARS
DELTA H3M

8 .3
12 .2
18 .2
30 .2
56 .2

109 .2
218 . 1
452 .1
982 .1

2214 .1
5150 .1

12285 .
29912 .
74022 .

185550 .
469770 .

DELTA
8

12
IB
30
55

108
218
452
980

2209
5139

12259
29847
73865

185159
468796



S=3W F=0.10

THERMAL AND UPFREEZING ANALYSIS ESTIMATES - PROGRAM UPFREE25Y — 04-08-1987
MANVILLE WAUKEGAN, ILL PLANT WASTE PILE

*«»* YEARS TO UPFREEZE OBJECTS THRU COVER - PRELIMINARY RESULTS

OBJECTS HftVE (X - ft) = 8.00 FT (EFFECTIVE PARTICLE SIZE, EPS.UF) STORTING flT
TOP OF WflSTE PILE-BOTTOM OF COVER OF TOTAL THICKNESS = TCT

THERMAL LOAD FREEZE INDEX (FI) : LOGNORMAL W/ MEDIAN = 875 MEAN = 935 SD.LN=.365

HI = DEPTH OF COVER flBOVE OBJECT, STARTING AT H1=TCT [FT] - FINE-GRAINED SOIL
UNFROZEN DRY DENS. =100 PCF, MATER CONT.= £0.3* (80* SflT) KU=0.81
FROZEN DRY DENS. = 70 PCF, WATER CONT.= 47.9* C/L=.0068 L=4590 KF=1.23

H3M = OBJECT LENGTH FOR MAX UPFREEZE, STARTING IN:
H3 = WASTE PILE OF SOIL-HAVING:

UNFROZEN DRY DENS. =100 PCF, WATER CONT.= 20.3X (80* SAT) KU=0.81
FROZEN DRY DENS. = 70 PCF WATER CONT.= 47.9* C/L=.0068 L=4590 KF=1.23

BOfTtOVER AND WASTE PILE USE HEAVE STRfllN, S = 3W, 95< OF MAX L
HEAVE FRACTION NOT RECOVERED ON THAWING, F = 0.10,
LAMBDA«SQR[N-FACTOR] = .48 (AVG) .00 <SD)

ESTIMATES USE MOD. BERG6REN EQU. W/ KERSTEN KF'S AND + 0* - 25% ERROR IN KF'S
CORRELATION COEFFICIENT BETWEEN Kl.F AND K3.F, R1.3=0.00

FPY = AVG YEARS TO FIRST FROST PENETRATION TO DEPTH HI AND RETURN PERIOD
UP.YRS = ESTIMATED YEARS FOR OBJECT UPFREEZING FROM HI (FOR HI PROPS IN H3) BUT

CORRECT UP.YRS FOR DIFFERENCE IN DELTA'S WHEN OBJECT IN H3.
CQNSERATIVE FOR ALL OBJECTS HAVING (X-A) < 0.80 FT

FOR H1=TCT: UP.YRS IS AN ESTIMATE (+ OR - CV<) OF YEARS TO UPFREEZE THRU COVER
LBOND = 1 STANDARD DEVIATION LOWER BOUND (LB),

ABD = ABOND = ABSOLUTE LB FOR HEAVE STRAIN, UNRECOVER FACTOR AND EPS.UF
R100 = EST'ED RELIABILITY (PROBABILITY) UP.YRS EXCEEDS 100 YEARS

COVER THERMAL PROPERTIES IN H3 (R1.3=l) WST'PILE
r i\,HI
1 .0
1.1
1 .2
1 .3
1.4
1.5
1 .6
1.7
1 .8
1 .9
2.0
2. 1
2.2
6
2.3
1
2.4
550
2.5

uttfunia rnuc. —
TCAVGtCV* FPAVGKW FPY

667 14 .763 15.2 1
807
961

1128
1308
1501
1708
1928
2162
2408
2669
2942
3229
3529
3843

4170

14
14
14
14
14
14
14
14
14
14
14
14

14

14

14

.591
.4 17
.269
. 160
.089
.047
.023
.01 1
.005
.002
.001
.000

.000
.000

.000

25.2
35.9
46.2
55.5
63.4
70.0
75.5
79.9
83.4
86.3
88.6
90.5

92.0

93.2

94.2

2
3
5
9

19
42

100
249
645

1720
46%

13056

36798

104776

3004%

————— icnna •
UP.YRS CV*

134 4.6
197
311
537

1001
2016
4386

10208
25116
64542

171491
467363

1298255

3657817

10412310

29852470

10.0
18.2
28.5
39.6
50.4
59.9
67.9
74.3
79.3
83.2
86.2
88.6

90.5

92.1

93.3

LBOND fl
128
177
255
384
604

1001
1757
3276
6462

13384
28886
64473
* 147855

X346506

M26217

— rnuD. c
IBD R100
17 100.00
IB 100.00
20 99.99
22 99.82
23 99.53
25 99.52
27 99.70
28 99.85
30 99.93
32 99.97
33 99.99

itnnj ri
DELTA H3«

46 .2
79 .2

150 .2
301 .1
627 .1

1404 .1
3335 .1
8310 .1

21506 .1
57346 .1

156550 .1
35 100.00 435194 .1

37 100.00
38 100.00

40 100.00

1226591 .1

3492534 .1

X10016460

<1997166 42 100.00 *28863850

T ci-ma
DELTA

46
78

149
300
625

1400
3327
8288

21448
57192

156130
434041

122339

348365

.1 9991

.1 <28
794100



S=3M F=0.20

THERMflL flND UPFREEZIN6 ANALYSIS/ESTIMATES - PROGRflM UPFREEZ5Y - 04-08-1987
MANVILLE WAUKE6AN, ILL PLANT URSTE PILE

»*»« YEARS TO UPFREEZE OBJECTS THRU COVER — PRELIMINflRY RESULTS ****«

OBJECTS HAVE (X - A) = 8.00 FT (EFFECTIVE PftRTICLE SIZE, EPS.UF) STARTING flT
TOP OF WftSTE PILE-BOTTOM OF COVER OF TOTAL THICKNESS = TCT

THERMflL LOAD FREEZE INDEX (FI): L06NORMAL W/ MEDIAN = B75 MEAN = 935 SD.LN=.365

HI = DEPTH OF COVER ABOVE OBJECT, STARTING AT H1=TCT CFT] - FINE-GRAINED SOIL
UNFROZEN DRY DENS.=100 PCF, MATER CONT.= 20.3* (BOX SAT) KIMJ.81
FROZEN DRY DENS. = 70 PCF, MATER CONT.= 47.9* C/L=.0068 L=4590 KF=1.23

H3M = OBJECT LENGTH FOR MAX UPFREEZE, STARTING IN:
H3 = WftSTE PILE OF SOIL-WWING:

UNFROZEN DRY DENS. =100 PCF, WftTER CONT.= 20.3* (80* SAT) KU=0.81
FROZEN DRY DENS. = 70 PCF WflTER CONT.= 47.9* C/L=.0068 L=4590 KF=1.23

BOTfT COVER AND WASTE PILE USE HEAVE STRAIN, S = 30*, 95* OF MflX L
HEAVE FRACTION NOT RECOVERED ON THAWING, F = 0.20,
LAMBDA*SQR[N-FACTOR] = .48 (AVG) .00 (SD)

ESTIMATES USE MOD. BERGGREN ECU. H/ KERSTEN KF'S AND + 0* - 25* ERROR IN KF'S
CORRELATION COEFFICIENT BETWEEN Kl.F AND K3.F, R1.3=0.00

FPY = AVG YEARS TO FIRST FROST PENETRATION TO DEPTH HI AND RETURN PERIOD
UP.YRS = ESTIMATED YEARS FOR OBJECT UPFREEZIN6 FROM HI (FOR HI PROPS IN H3) BUT

CORRECT UP.YRS FOR DIFFERENCE IN DELTA'S WHEN OBJECT IN H3.
CONSERATIVE FOR ALL OBJECTS HAVING (X-fl) ( 0.80 FT

FOR H1=TCT: UP.YRS IS AN ESTIMATE (+ OR - CV*) OF YEARS TO UPFREEZE THRU COVER
LBOND = 1 STANDARD DEVIATION LOWER BOUND (LB),

ABD = ABOND = ABSOLUTE LB FOR HEAVE STRAIN, UNRECOVER FflCTOR AND EPS.UF
R100 = EST'ED RELIABILITY (PROBABILITY) UP.YRS EXCEEDS 100 YEARS

COVER THERMAL PROPERTIES IN H3 (R1.3=l) WST'PILE
r p»_r-ucDTOMia rnuo. —
HI TCflVGKV* FPAVGJCV* FPY
1 .0
1 .1
1 .2
1 .3
1.4
1.5
1 .6
1 .7
1 .8
1 .9
2.0
2.1
2.2
2.3
5
2.4
5
2.5
97050

667 14
807 14
%1 14

1128 14
1308 14
1501 14
1708 14
1928 14
2162 14
2408 14
2669 14
2942 14
3229 14
3529 14

3843 14

4170 14

.763

.591

.4 17

.269

.160
.089
.047
.023
.01 1
.005
.002
.001
.000
.000

.000

.000

15.2
25.2
35.9
46.2
55.5
63.4
70.0
75.5
79.9
83.4
86.3
88.6
90.5
92.0

93.2

94.2

1
2
3
5
9

19
42

100
249
645

1720
46%

13056
36798

104776

3004%

———— Ttuna — — — —
UP.YRS

67
98

156
269
500

1008
2193
5104

12558
32271
85745

233681
649127

1828908

5206157

14926230

CV*
4.6

10.0
18.2
28.5
39.6
50.4
59.9
67.9
74.3
79.3
83.2
86.2
88.6
90.5

92.1

93 .3

— rnuo. *
LBOND ABD R100

64
89

127
192
302
500
879

1638
3231
6632

14443
32237
73927
*173253

*413108

*998583

8
9

10
11
12
13
13
14
15
16
17
18

0.00
43.29
97.55
98.65
98.50
98.78
99.26
99.63
99.84
99.93
99.97
99.99

18 100.00
19 100.00
20 100.00

21 100.00

i china r i TtHKS
DELTA H3M DELTA

23 .2
39 .2
75 .2

150 .1
313 .1
702 .1

1668 .1
4155 .

10753 .
28673 .
78275 .

217597 .
613295 .1

1746267 .

5008229 .

* 14431930

23
39
75

150
313
700

1663
4144

10724
285%
78065

217020
611698

1 174182

1 499577

. 1 * 143



S=30* F=0.30

THERMAL flND UPFREEZING ANALYSIS ESTIMATES - PROGRAM UPFREEZ5Y - 04-08-1987
MANVILLE WAUKE6AN, ILL PLANT WASTE PILE

»»*« YEARS TO UPFREEZE OBJECTS THRU COVER - PRELIMINARY RESULTS

OBJECTS HAVE (X - A) = 2.00 FT (EFFECTIVE PARTICLE SIZE, EPS.UF) STARTING ftT
TOP OF WASTE PILE-BOTTOM OF COVER OF TOTAL THICKNESS = TCT

THERMAL LOAD FREEZE INDEX (FI) : L06NORMAL W/ MEDIAN = B75 MEAN = 935 SD.LN=.365
HI = DEPTH OF COVER ftBOVE OBJECT, STARTING AT H1=TCT [FT] - FINE-GRAINED SOIL

UNFROZEN DRY DENS.=100 PCF, WATER CONT.= 20.3* (80* SAT) KU=0.81
FROZEN DRY DENS. = 70 PCF, WflTER CONT.= 47.9* C/L=.0068 L=4590 KF=1.S3

H3M = OBJECT LENGTH FOR MAX UPFREEZE, STARTING IN:
H3 = WASTE PILE OF SOIL-HAVING:

UNFROZEN DRY DENS. =100 PCF, WflTER CONT.= 20.3* (8W SAT) KU=O.B1
FROZEN DRY DENS. = 70 PCF WATER CONT.= 47.9* C/L=. 0068 L=4590 KF=1.23

BOtfTtOVER AND WASTE PILE USE HEAVE STRAIN, S = 30*, 95* OF MAX L
HEAVE FRACTION NOT RECOVERED ON THAWING, F = 0.30,
LAMBDA*SQR[M-FACTDR] = .48 (AVG) .00 <SD)

ESTIMATES USE HOD. BERGGREN EQU. W/ KERSTEN KF'S AND + OX - 25* ERROR IN KF'S
CORRELATION COEFFICIENT BETWEEN Kl .F AND K3.F, R1.3=0.00

FPY = AVG YEARS TO FIRST FROST PENETRATION TO DEPTH HI AND RETURN PERIOD
UP.YRS = ESTIMATED YEARS FOR OBJECT UPFREEZING FROM HI (FOR HI PROPS IN H3) BUT

CORRECT UP.YRS FOR DIFFERENCE IN DELTA'S WHEN OBJECT IN H3.
CQNSERATIVE FOR ALL OBJECTS HAVING (X-A) < 0.80 FT ^

FOR H1=TCT: UP.YRS IS AN ESTIMATE (+ OR - CV*) OF YEARS TO UPFREEZE THRU COVER
LBOND = 1 STANDARD DEVIATION LOWER BOUND (LB),

ABD = ABOND = ABSOLUTE LB FOR HEAVE STRAIN, UNRECOVER FACTOR AND EPS.UF
R100 = EST'ED RELIABILITY (PROBABILITY) UP.YRS EXCEEDS 100 YEARS

COVER THERMAL PROPERTIES IN H3 (R1.3=l) WST'PILE
istD*uni£> rnuo. ——r'\^HI TCAV6KV* FPAVG4CVX FPY

1 .0
1.1
1 .2
1 .3
1 .4
1 .5
1 .6
1 .7
1 .8
1 .9
2.0
2.1
2.2
2.3
7
2.4
7
2.5
5

667 14
807 14
961 14

1128 14
1308 14
1501 14
1708 14
1928 14
2162 14
2408 14
2669 14
2942 14
3229 14
3529 14
3843 14

4170 14

.763

.591

.4 17

.269

.160
.089
.047
.023
.01 1
.005
.002
.001
.000
.000

.000

.000

15 .2
25.2
35.9
46.2
55.5
63.4
70.0
75.5
79.9
83.4
86.3
88.6
90.5
92.0

93.2

94.2

1
2
3
5
9

19
42

100
249
645

1720
46%

13056
36798

104776

300496

———— ici-mj —————
UP.YRS

45
66

104
179
334
672

1462
3403
8372

21514
57164

155788
432752

1219272

3470771

9950823

CV*
4.6

10.0
18.2
28.5
39.6
50.4
59.9
67.9
74.3
79.3
83.2
86.2
88.6
90.5

92.1

93.3

— rnuo. A
LBOND ABD R100

43
59
85

128
201
334
586

1092
2154
4461
9629

21491
49285
*1 15502

X275406

X665722

6
6
7
7
8
8
9
9

10
11
1 1
12
12

13

13

14

0.00
0.00

57.97
93.96
96.81
97.89
98.80
99.41
99.74
99.89
99.%
99.98
99.99

100.00

100.00

100.00

Terms r i T CUrt 3
DELTA H3M DELTA

15 .2
26 .2
50 .2

100 .1
209 .1
468 .1

1 1 12 . 1
2770 .1
7169 . 1

191 15 . 1
52183 .1

145065 .1
408864 .1

1164178 .

3338820 .

9621285 .

15
26
50

100
208
467

1109
2763
7149

19064
52043

144680
407799

1 1 16121

1 333051

1 959803



S=3W F=0.40

THERMAL AND UPFREEZING ANALYSIS ESTIMATES — PROGRAM UPFREEZ5Y — 04-08-1987
MANVILLE WAUKEGAN, ILL PLANT HASTE PILE

****** YEARS TO UPFREEZE OBJECTS THRU COVER - PRELIMINARY RESULTS ******

OBJECTS HAVE (X - A) = 2.00 FT (EFFECTIVE PARTICLE SIZE, EPS.UF) STARTING AT
TOP OF WASTE PILE-BOTTOM OF COVER OF TOTAL THICKNESS = TCT

THERMAL LOAD FREEZE INDEX (FI) : LOGNORMAL W/ MEDIAN = 875 MEAN = 935 SD.LN=.365

HI = DEPTH OF COVER ABOVE OBJECT, STARTING AT H1=TCT [FT] - FINE-GRAINED SOIL
UNFROZEN DRY DENS.=100 PCF, WATER CONT.= 20.3< (80S SAT) KU=0.81
FROZEN DRY DENS. = 70 PCF, WATER CONT.= 47.9* C/L=.0068 L=4590 KF=1.23

H3M = OBJECT LENGTH FOR MAX UPFREEZE, STARTING IN:
H3 = WASTE PILE OF SOIL-HAVING:

UNFROZEN DRY DENS. =100 PCF, WATER CONT.= 20.3< (80* SAT) KU=0.81
FROZEN DRY DENS. = 70 PCF WATER CONT.= 47.9* C/L=.0068 L=4590 KF=1.23

BOtfrtOVER AND WASTE PILE USE HEAVE STRAIN, S = 3«, 95* OF MAX L
HEAVE FRACTION NOT RECOVERED ON THAWING, F = 0.40,
LAMBDA«SQR[N-FACTOR] = .48 (AVG) .00 (SD)

ESTIMATES USE NOD. BERGGREN EQU. W/ KERSTEN KF'S AND + M - 25% ERROR IN KF'S
CORRELATION COEFFICIENT BETWEEN Kl .F AND K3.F, R1.3=0.00

FPY = AVG YEARS TO FIRST FROST PENETRATION TO DEPTH HI AND RETURN PERIOD
UP.YRS = ESTIMATED YEARS FOR OBJECT UPFREEZING FROM HI (FOR HI PROPS IN H3) BUT

CORRECT UP.YRS FOR DIFFERENCE IN DELTA'S WHEN OBJECT IN H3.
CONSERATIVE FOR ALL OBJECTS HAVING (X-A) < 0.80 FT

FOR H1=TCT: UP.YRS IS AN ESTIMATE (+ OR - CW) OF YEARS TO UPFREEZE THRU COVER
LBOND = 1 STANDARD DEVIATION LOWER BOUND (LB),

ABD = ABOND = ABSOLUTE LB FOR HEAVE STRAIN, UNRECOVER FACTOR AND EPS.UF
R100 = EST'ED RELIABILITY (PROBABILITY) UP.YRS EXCEEDS 100 YEARS

Fl^DE&HfDAYS PROB.
HI
1 .0
1 .1
1 .2
1 .3
1 .4
1 .5
1 .6
1 .7
1 .8
1 .9
2.0
2. 1
2.2
2.3
2.4
8
2.5
6

COVER THERHf
U!

TCAVG4CW FPAVGiCV* FPY
667
807
961

1128
1308
1501
1708
1928
2162
2408
2669
2942
3229
3529
3843
4170

14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14

.763

.591

.4 17

.269

. 160

.089

.047

.023
.01 1
.005
.002
.001
.000
.000
.000

.000

15 .2
25.2
35.9
46.2
55.5
63.4
70.0
75.5
79.9
83.4
86.3
88.6
90.5
92.0
93.2

94.2

1

2
3
5
9

19
42

100
249
645

1720
4696

13056
36798

104776

300496

———————— II

UP.YRS
34
49
78

134
250
504

10%
2552
6279

16136
42873

116841
324564
914454

2603079

7463118

*_ PR(
EARS •
CW
4.6

10.0
18.2
28.5
39.6
50.4
59.9
67.9
74.3
79.3
83.2
86.2
88.6
90.5
92.1

93.3

3PERTIES IN H3 (Rl.
nnnn ./— rnuo. /*

LBOND ABD R100
32
44
64
%

151
250
439
819

1615
3346
7221

16 1 18
36964
86627
*206554

X499291

4 0.00
5 0.00
5 5.85
5 81 .50
6 94.16
& 96.84
7 98.31
7 99.19
8 99.64
8 99.85
8 99.94
9 99.98
9 99.99

10 100.00

3=1) WST'PILE
YEARS FT YEARS
DELTA H3M DELTA

11 .2
20 .Z
38 .2
75 .1

157 .1
351 .1
834 .1

2078 .1
5376 .1

14337 . 1
39138 .1

108798 .1
306648 .1
873133 . 1

10 100.00 2504115 .

10 100.00 7215964 .

11
20
37
75

156
350
832

2072
5362

14298
39033

108510
305849
870913

1 249788

1 719852



S=30* F=0.50

THERMAL flMD UPFREEZING ANALYSIS ESTIMATES - PROGRAM UPFREEZ5Y - 04-08-1987
MftNVILLE WAUKEGAN, ILL PLANT WASTE PILE

*t*«* YEflRS TO UPFREEZE OBJECTS THRU COVER - PRELIMINARY RESULTS **««

OBJECTS HAVE (X - ft) = 2.00 FT (EFFECTIVE PftRTICLE SIZE, EPS.UF) STORTING flT
TOP OF UASTE PILE-BOTTOM OF COVER OF TOTflL THICKNESS = TCT

THERMAL LOAD FREEZE INDEX (FI ) : L06NORMAL U/ MEDIAN = 875 MEAN = 935 SD.LN=.365
HI = DEPTH OF COVER ABOVE OBJECT, STARTING AT H1=TCT [FT] - FINE-GRAINED SOIL

UNFROZEN DRY DENS.=100 PCF, UATER CONT.= 20.3* (BO* SflT) KU=0.81
FROZEN DRY DENS. = 70 PCF, UATER CONT.= 47.9% C/L=.0068 L=4590 KF=1.23

H3K = OBJECT LENGTH FOR MAX UPFREEZE, STARTING IN:
H3 = WASTE PILE OF SOIL-HAVING:

UNFROZEN DRY DENS. =100 PCF, UATER CONT.= 20.3* (80* SAT) KU=0.81
FROZEN DRY DENS. = 70 PCF UflTER CONT.= 47.9* C/L=.0068 L=4590 KF=1.23

BtfTR'COVER AND UASTE PILE USE HEAVE STRAIN, S = 30*, 95* OF MAX L
HEAVE FRACTION NOT RECOVERED ON THAWING, F = 0.50,
LAMBDA»SQR[N-FACTOR] = .48 (AVG) .00 (SD)

ESTIMATES USE MOD. BERGGREN EQU. W/ KERSTEN KF'S AND + 0* - 25* ERROR IN KF'S
CORRELATION COEFFICIENT BETUEEN Kl.F AND K3.F, R1.3=0.00

FPY = AVG YEARS TO FIRST FROST PENETRATION TO DEPTH HI AND RETURN PERIOD
UP.YRS = ESTIMATED YEARS FOR OBJECT UPFREEZING FROM HI (FOR HI PROPS IN H3> BUT

CORRECT UP.YRS FOR DIFFERENCE IN DELTA'S WHEN OBJECT IN H3.
CONSERATIVE FOR ALL OBJECTS HAVING (X-A) < 0.80 FT

FOR H1=TCT: UP.YRS IS AN ESTIMATE <+ OR - CVO OF YEARS TO UPFREEZE THRU COVER
LBOND = 1 STANDARD DEVIATION LOWER BOUND (LB),

ABD = ABQND = ABSOLUTE LB FOR HEAVE STRAIN, UNRECOVER FACTOR AND EPS.UF
R100 = EST'ED RELIABILITY (PROBABILITY) UP.YRS EXCEEDS 100 YEARS

F^_
HI
1 .0
1 . 1
.2
.3
.4
.5
.6
.7
.6
.9

2.0
2.1
2.2
2.3
2.4
0
2.5
1

^-DEG*DAYS PROB.
TCflVGJCV* FPAVGiCV!

667 14 .763 15.2
807 14 .591 25.2
961 14

1128 14
1308 14
1501 14
1708 14
1928 14
2162 14
2408 14
2669 14
2942 14
3229 14
3529 14
3843 14

4170 14

.417

.269

. 160

.089
.047
.023
.01 1
.005
.002
.001
.000
.000
.000

.000

35.9
46.2
55.5
63.4
70.0
75.5
79.9
83.4
86.3
88.6
90.5
92.0
93.2

94.2

COVER THERMf
V/l

i FPY
1
2
3
5
9

19
42

100
249
645

1720
46%

13056
36793

104776

300496

——————— I(

UP.YRS
27
39
62

107
200
403
877

2042
5023

12908
34298
93473

259651
731563

2082463

5970494

*_P«
EARS
CV*

4.6
10.0
18.2
28.5
39.6
50.4
59.9
67.9
74.3
79.3
83.2
86.2
88.6
90.5
92.1

93.3

PERTIES IN H3 (Rl
- ————— PROB.*
LBOND ABD R100

26 3 0.00
35 4 0.00
51
77

121
200
351
655

1292
2677
5777

12895
29571
69301
* 165243

*399433

4
4
5
5
5
6
6
6
7
7
7
8

0.04
59.59
90.30
95.62
97.79
98.96
99.55
99.81
99.93
99.97
99.99

100.00

.3=1) UST'PILE
YEARS FT YEARS
DELTA H3M DELTA

9 .2 9
16 .2 16
30 .2 30
60 .1 60

125 . 1 125
281 .1 280
667 .

1662 .
4301 .

11469 .
31310 .
87039 .

245318 .

665
1658
4290

11438
31226
86808

244679
698507 . 1 696730

8 100.00 2003292 .1 199831

8 100.00 5772771 .1 575882



S=4W F=0.10

THERMAL flND UPFREEZING ANALYSIS ESTIMATES — PROGRAM UPFRIEZ5Y — 04-08-1987
MANVILLE WAUKEGAN, ILL PLANT WASTE PILE

§***« YEflRS TO UPFREEZE OBJECTS THRU COVER - PRELIMINARY RESULTS **««

OBJECTS HAVE (X - A) = 2.00 FT (EFFECTIVE PflRTICLE SIZE, EPS.UF) STORTING flT
TOP OF WASTE PILE-BOTTOM OF COVER OF TOTflL THICKNESS = TCT

THERMAL LORD FREEZE INDEX (FI ) : LOGNORMAL W/ MEDIftN = 875 MEAN = 935 SD.LN=.365

HI = DEPTH OF COVER ftBOVE OBJECT, STORTING flT H1=TCT [FT] - FINE-GRfllNED SOIL
UNFROZEN DRY DENS. =100 PCF, WATER CONT.= 20. Si (B« SflT) KU=0.81
FROZEN DRY DENS. = 60 PCF, WATER CONT.= 61.6< C/L=.0062 L=5057 KF=1.30

H3M = OBJECT LENGTH FOR MAX UPFREEZE, STORTING IN:
H3 = WASTE PILE OF SOIL-HAVING:

UNFROZEN DRY DENS. =100 PCF, WATER CONT.= 20.» (80* SflT) KU=0.81
FROZEN DRY DENS. = 60 PCF UflTER CONT.= 61 .6* C/L=. 0062 L=5057 KF=1.30

BOTH COVER flND HftSTE PILE USE HEftVE STRflIN, S = 40*, 95* OF MAX L
HEAVE FRACTION NOT RECOVERED ON THAWING, F = 0.10,
LAMBDA*SQR[N-FACTOR] = .48 (AVG) .00 (SD)

ESTIMATES USE MOD. BERGGREN EQU. W/ KERSTEN KF'S flND + « - 25* ERROR IN KF'S
CORRELflTION COEFFICIENT BETWEEN Kl .F AND K3.F, Rl.3=0.00

FPY = AVG YEARS TO FIRST FROST PENETRATION TO DEPTH HI AND RETURN PERIOD
UP.YRS = ESTIMflTED YEflRS FOR OBJECT UPFREEZING FROM HI (FOR HI PROPS IN H3) BUT

CORRECT UP.YRS FOR DIFFERENCE IN DELTA'S UHEN OBJECT IN H3.
CONSERATIVE FOR ALL OBJECTS HAVING (X-fl) < 1 .90 FT

FOR H1=TCT: UP.YRS IS AN ESTIMATE (+ OR - CW OF YEARS TO UPFREEZE THRU COVER
LBOND = 1 STftNDflRD DEVIATION LOWER BOUND (LB),

ABD = ABOND = ABSOLUTE LB FOR HEAVE STRAIN, UNRECOVER FACTOR AND EPS.UF
R100 = EST'ED RELIflBILITY (PROBABILITY) UP.YRS EXCEEDS 100 YEARS

COVER THERMAL PROPERTIES IN H3 (HI .3=1 ) WST'PILE
ris _ ' vc.a*UHi3 I-KUD. ——
HI TCAVGtCV* FPAVGiCVX FPY
1 .0
1 .1
1 .2
1 .3
1.4
1 .5
1 .6
1 .7
1 .8
1 .9
2.0
4
2.1
4
2.2
7
2.3

803
971

1156
1356
1573
1806
2055
2319
2600
2897
3210

3539
3884

4246

14
14
14
14
14
14
14
14
14
14
14

14

14

14

.597

.406

.248

.138

.071

.034

.016
.007
.003
.001
.000

.000

.000

.000

24.
36.
47.
57.
65.
72.
78.
82.
85.
88.
90.

92.

93.
94.

8
6
8
7
9
6
0
2
6
2
3

0

4

4

2
3
5
11
25
62

164
459

1332
3989

12218

38059

120001

381516

——— IL
UP.YRS

147
245
445
891

1975
4800

12587
34976

101494
304078
932529

2908274

9177240

29186080

LHH3 -
CVX
10.0
19.0
30.4
42.5
54.1
63.9
71 .7
77.8
82.3
85.8
88.5

90.6

92.3

93.6

—————— rnuo. >
LBOND ABD R100

132 13 99.93
198 14 99.90
310 15 99.54
512 16 99.20
907 18 99.36

1733 19 99.66
3557 20 99.85
7777 21 99.94

17920 23 99.98

TCHRD r 1
DELTA H3M

65 .2
130 .1
271 .1
621 .1

1546 . 1
4106 .1

1 1467 . 1
33311 .1
99725 .1

43058 24 99.99 305441 .1
5C106942 25 100.00

#72562 26 100.00

<708798 28 100.00

951462 . 1

3000029 .1

9537904 . 1

* 1872115 29 100.00 *30479780

ItHfO
DELTA

65
130
270
619

1542
4093

11430
33203
99404

304468
94648

299087

950960

.1 )GO
391900
2.4 4623 14 .000 95. 3 5U219190 65025610 94. 3 5G682801 30 100.00 *41 199260 .4 *
13157890
2.5 5016 14 .000 96. 0 *3906034 92204190 94. 7 *4907494 31 100.00 *13157890 < 1 .9
J13157890



S=40X F=0.20

THERMAL AND UPFREEZING ANALYSIS ESTIMATES - PROGRAM UPFREEZ5Y - 04-08-1987
NANVILLE WAUKE6AN, ILL PLANT WASTE PILE

§*«« YEARS TO UPFREEZE OBJECTS THRU COVER - PRELIMINARY RESULTS ****«

OBJECTS HAVE (X - fl) = 3.00 FT (EFFECTIVE PARTICLE SIZE, EPS.UF) STARTING AT
TOP OF WASTE PILE—BOTTOM OF COVER OF TOTAL THICKNESS = TCT

THERMAL LOAD FREEZE INDEX (FI): LDGNORMflL W/ MEDIAN = 875 MEAN = 935 SD.LN=.365

HI = DEPTH OF COVER ABOVE OBJECT, STARTING AT H1=TCT [FT] - FINE-BRAINED SOIL
UNFROZEN DRY DENS. =100 PCF, WATER CONT.= 20.3X (80X SAT) KU=O.B1
FROZEN DRY DENS. = 60 PCF, WATER CGMT.= 61 .6X C/L=.0062 L=5057 KF=1.30

H3M = OBJECT LENGTH FOR MAX UPFREEZE, STARTING IN:
H3 = WASTE PILE OF SOIL-HAVING:

UNFROZEN DRY DENS.=100 PCF, WATER CONT.= 20.3X (BO* SAT) KU=0.81
FROZEN DRY DENS. = 60 PCF WATER CONT.= 61 .6* C/L=.0062 L=5057 KF=1.30

BOTH COVER AND WASTE PILE USE HEAVE STRAIN, S = 40X, 95X OF MAX L
HEAVE FRACTION NOT RECOVERED ON THAWING, F = 0.20,
LAMBDA*SQRCN-FACTOR] = .48 (AVG) .00 (SD)

ESTIMATES USE MOD. BERGGREN EQU. W/ KERSTEN KF'S AND * 0* - 25X ERROR IN KF'S
CORRELATION COEFFICIENT BETWEEN K l .F AND K3.F, R1.3=0.00

FPY = AVG YEARS TO FIRST FROST PENETRATION TO DEPTH HI AND RETURN PERIOD
UP.YRS = ESTIMATED YEARS FOR OBJECT UPFREEZING FROM HI (FOR HI PROPS IN H3) BUT

CORRECT UP.YRS FOR DIFFERENCE IN DELTA'S WHEN OBJECT IN H3.
CONSERATIVE FOR ALL OBJECTS HAVING (X-A) ( 1 .90 FT

FOR H1=TCT: UP.YRS IS AN ESTIMATE (+ OR - CVX) OF YEARS TO UPFREEZE THRU COVER
LBOND = 1 STANDARD DEVIATION LOWER BOUND (LB),

ABD = ABOND = ABSOLUTE LB FOR HEAVE STRAIN, UNRECOVER FACTOR AND EPS.UF
R100 = EST'ED RELIABILITY (PROBABILITY) UP.YRS EXCEEDS 100 YEARS

COVER THERMAL PROPERTIES IN H3 (R1 .3= l ) WST'PILE
FT^-DE6*DAYS PROB. ————— YEARS ————— PROB.X YEARS FT YEARS
HI TCAVG4CVX FPAVG4CVX FPY UP.YRS CVX LBOND ABD R100 DELTA H3M DELTA
1.0 803 14 .597 24.8 2 73 10.0 66 6 0.01 33 .2 32
1.1 9 7 1 1 4 . 4 0 6 3 6 . 6 3 122 19 .0 99 7 83.09 6 5 . 1 65
1.2 1 1 5 6 1 4 . 2 4 8 4 7 . 8 5 22330 .4 155 8 96.59 1 35 . 1 135
1.3 1 3 5 6 1 4 . 1 3 8 5 7 . 7 11 44642.5 256 8 97.62 3 1 1 . 1 310
1.4 1 5 7 3 1 4 . 0 7 1 6 5 . 9 25 98754 . 1 454 9 98.46 773 . 1 771
1.5 1 8 0 6 1 4 . 0 3 4 7 2 . 6 62 240063.9 866 9 99.22 2053. 1 2046
1 .6 2 0 5 5 1 4 . 0 1 6 7 8 . 0 164 629371 .7 1778 10 99.67 5734 . 1 5715
1.7 2 3 1 9 1 4 . 0 0 7 8 2 . 2 459 1748877.8 3888 11 99.87 16656. 1 16602
1.8 2 6 0 0 1 4 . 0 0 3 8 5 . 6 1332 5074782.3 8960 11 99.95 49863. 1 49702
1.9 2 8 9 7 1 4 . 0 0 1 8 8 . 2 3989 15203985.821529 12 99.98 152721 . 1 152234
2.0 3 2 1 0 1 4 . 0 0 0 9 0 . 3 12218 46626488.553471 13 99.99 475731 . 1 474242
2.1 3539 14 .000 92.0 38059 1454137 90.6 X136281 13 100.00 1500014 .1 149543
7
2.2 3884 14 .00093 .4 12000 1 458862092.3X354399 14 100 .004768952 . 1475480
4
2.3 4246 14 .000 94.4 381516 14593040 93.6 X936057 14 100.00 X15239890 .1 X151
95950
2 .4 4 6 2 3 1 4 . 0 0 0 9 5 . 3 X 1 2 1 9 1 9 0 3 2 5 1 2 8 1 0 9 4 . 3 X 1 8 4 1 4 0 0 1 5 1 0 0 . 0 0 X 2 0 5 9 9 6 4 0 . 4 6
578946
2.5 5016 14 .000 96.0 X3906034 46102100 94.7 X2453747 16 100.00 6578946 XI. 9 6
578946



S=4(tt F=0.30

THERMAL AND UPFREEZING ANALYSIS ESTIMATES - PROGRAM UPFREEZ5Y - 04-08-1387
MANVILLE WAUKESAN, ILL PLANT WflSTE PILE

««« YEflRS TO UPFREEZE OBJECTS THRU COVER - PRELIMINARY RESULTS *«»»

OBJECTS HAVE (X - ft) = 2.00 FT (EFFECTIVE PARTICLE SIZE, EPS.UF) STARTING AT
TOP OF WASTE PILE-BOTTOM OF COVER OF TOTAL THICKNESS = TCT

THERMAL LOAD FREEZE INDEX (FI ) : L06NORMAL W MEDIAN = 875 MEAN = 935 SD.LN=.365

HI = DEPTH OF COVER ABOVE OBJECT, STARTING AT H1=TCT [FT] - FINE-GRAINED SOIL
UNFROZEN DRY DENS. =100 PCF, HATER CONT.= 20.3< <80< SAT) KU=0.81
FROZEN DRY DENS. = 60 PCF, WATER CONT.= 61 .6X C/L=.0062 L=5057 KF=1.30

H3M = OBJECT LENGTH FOR MAX UPFREEZE, STARTING IN:
H3 = WASTE PILE OF SOIL-HAVING:

UNFROZEN DRY DENS. =100 PCF, WATER CONT.= 20.3< (80* SAT) KU=0.81
FROZEN DRY DENS. = 60 PCF WATER CONT.= 61 .6* C/L=.0062 L=5057 KF=1.30

BOTFTCOVER AND WASTE PILE USE HEAVE STRAIN, S = 4W, 95* OF MAX L
HEflVE FRACTION NOT RECOVERED ON THAWING, F = 0.30,
LA«BDfl*SQREN-FACTOR] = .48 (AVG) .00 (SD)

ESTIMATES USE MOD. BERGGREN EQU. W/ KERSTEN KF'S AND + (W - 25* ERROR IN KF'S
CORRELATION COEFFICIENT BETWEEN Kl .F AND K3.F, R1.3=0.00

FPY = AVG YEARS TO FIRST FROST PENETRATION TO DEPTH HI AND RETURN PERIOD
UP.YRS = ESTIMATED YEARS FOR OBJECT UPFREEZING FROM HI (FOR HI PROPS IN H3) BUT

CORRECT UP.YRS FOR DIFFERENCE IN DELTA'S WHEN OBJECT IN H3.
CONSERATIVE FOR ALL OBJECTS HAVING (X-A) ( 1 .90 FT

FOR H1=TCT: UP.YRS IS AN ESTIMATE (+ OR - CW OF YEARS TO UPFREEZE THRU COVER
LBOND = 1 STANDARD DEVIATION LOWER BOUND (LB),

flBD = ABOND = ABSOLUTE LB FOR HEflVE STRflIN, UNRECOVER FACTOR AND EPS.UF
R100 = ESP ED RELIABILITY (PROBABILITY) UP.YRS EXCEEDS 100 YEARS

F .nrcxTvwe HDODk^^^
HI
1 .0
1 . 1
1 .2
1 .3
1 .4
1 .5
1 .6
1 .7
1 .8
1 .9
2.0
2.1
2.2
9
2.3

COVER THERMAL PROPERTIES
ui-nno

TCAVGtCV* FPAVGICV* FPY
803
971

1156
1356
1573
1806
2055
2319
2600
2837
3210
3539
3884
4246

14
14
14
14
14
14
14
14
14
14
14
14
14

14

.597
.406
.248
. 138
.071
.034
.0 16
.007
.003
.001
.000
.000
.000

.000

24.8
36.6
47.8
57.7
65.9
72.6
78.0
82.2
85.6
88.2
90.3
92.0
93.4

94.4

2
3
5
11
25
62

164
459

1332
3989

12218
38059

120001

381516

———— itrina
UP.YRS CV*

49
82

148
297
658

1600
41%

11659
33831

101359
310843
%9425

3059080

9728694

10 .0
19.0
30.4
42.5
54.1
63.9
71 .7
77.8
82.3
85.8
88.5
30.6
92.3

93.6

IN H3 (Rl.
nonn «

LBOND ABD R100
44
66

103
171
302
578

1186
2592
5973

14353
35647
90854
*236266

<624038

4 0.00
5 1 1 .73
5 85.93
5 95.06
6 97.42
6 98.76
7 99.48
7 99.80
8 99.93
8 99.98
8 99.99

3=1) WST'PILE
YFQRS FT venaei EJinu r I
DELTA H3M

22 .2
43 .1
90 .1

207 .1
5 15 . 1

1369 .1
3822 .1

1 1 104 . 1
33242 .1

101814 .1
317154 .1

9 100.00 1000010 .1
9 100.00

10 100.00

3179302 . 1

<10159930

itnris
DELTA

22
43
90

206
514

1364
3810

11068
33135

101489
316161
9%958

316986
. 1 <101

30630
2.4 4623 14 .000 95.3 J1219190 21675210 94. 3 X1227600 10 100.00 J13733090 .4 4
385964
2.5 5016 14 .000 96.0 X3906034 30734730 94. 7 X1635831 10 100.00 4385%4 < 1 .9 4
385964



S=4W F=0.40

THERMAL flND UPFREEZING flNflLYSIS ESTIMATES - PROGRAM UPFREEZ5Y - 04-08-1987
MANVILLE WAUKE6AN, ILL PLANT HASTE PILE

««« YEARS TO UPFREEZE OBJECTS THRU COVER - PRELIMINARY RESULTS *«*«

OBJECTS HAVE (X - A) = 2.00 FT (EFFECTIVE PARTICLE SIZE, EPS.UF) STARTING AT
TOP OF HASTE PILE-BOTTOM OF COVER OF TOTAL THICKNESS = TCT

THERMAL LOAD FREEZE INDEX (FI) : LD6NORMAL W/ MEDIAN = 875 MEAN = 935 SD.LN=.365

HI = DEPTH OF COVER ABOVE OBJECT, STARTING AT H1=TCT [FT] — FINE-GRAINED SOIL
UNFROZEN DRY DENS.=100 PCF, HATER CONT.= 20.3* (80* SAT) KU=0.81
FROZEN DRY DENS. = 60 PCF, HATER CONT.= 61 .6* C/L=.0062 L=5057 KF=1.30

H3M = OBJECT LENGTH FOR MAX UPFREEZE, STARTING IN:
H3 = WASTE PILE OF SOIL-HAVING:

UNFROZEN DRY DENS. =100 PCF, WATER CONT.= 20.3* (80< SAT) KU=0.81
FROZEN DRY DENS. = 60 PCF HATER CONT.= 61 .6* C/L=.0062 L=5057 KF=1.30

BOffrCOVER AND WASTE PILE USE HEAVE STRAIN, S = 40*, 95* OF MAX L
HEAVE FRACTION NOT RECOVERED ON THAWING, F = 0.40,
LAMBDA*SQR[N-FACTOR] = .48 (AV6) .00 (SD)

ESTIMATES USE MOD. BERGGREN EQU. W/ KERSTEN KF'S AND + 0* - 25* ERROR IN KF'S
CORRELATION COEFFICIENT BETWEEN Kl .F AND K3.F, R1 .3=0.00

FPY = AVG YEARS TO FIRST FROST PENETRATION TO DEPTH HI AND RETURN PERIOD
UP.YRS = ESTIMATED YEARS FOR OBJECT UPFREEZING FROM HI (FOR HI PROPS IN H3) BUT

CORRECT UP.YRS FOR DIFFERENCE IN DELTA'S WHEN OBJECT IN H3.
CQNSERATIVE FOR ALL OBJECTS HAVING (X-A) ( 1 .90 FT

FOR H1=TCT: UP.YRS IS AN ESTIMATE (+ OR - CVt) OF YEARS TO UPFREEZE THRU COVER
LBOND = 1 STANDARD DEVIATION LOWER BOUND (LB),

ABD = ABOND = ABSOLUTE LB FOR HEAVE STRAIN, UNRECOVER FACTOR AND EPS.UF
R100 = EST'ED RELIABILITY (PROBABILITY) UP.YRS EXCEEDS 100 YEARS

FT. JEG«DAYS PROB.
HI "TCAVGiCV* FPAVGtCVl
1 .0
1 . 1
1 .2
1 .3
1 .4
1 .5
1 .6
1 .7
1 .8
1 .9
2.0
2.1
2.2
2
2.3
5
2.4

803
971

1156
1356
1573
1806
2055
2319
2600
2897
3210
3539
3884
4246

4623

14
14
14
14
14
14
14
14
14
14
14
14
14

14

14

.597

.406

.248

. 138

.071
.034
.0 16
.007
.003
.001
.000
.000
.000

.000

.000

24.8
36.6
47.8
57.7
65.9
72.6
78.0
82.2
85.6
88.2
90.3
92.0
93.4

94.4

95.3

COVER THERW
, . , . . . «*

t FPY
2
3
5
11
25
62

164
459

1332
3989

12218
38059

120001

381516

ii
UP.YRS

37
61
1 1 1
223
494

1200
3147
8744

25374
76019

233132
727069

2294310

7296521

5L PRC
MRS -
CV*
10.0
19.0
30.4
42.5
54.1
63.9
71 .7
77.8
82.3
85.8
88.5
90.6
92.3

93.6

5U219190 16256400 94.

PERTIES IN

LBOND ABD
33
50
78

128
227
433
889

1944
4480

10765
26736
68140
<1 77200

*468029

3
3
4
4
4
5
5
5
6
6
6
7

3 *920700

H3 <R1.3=1) HST'PILE
DPTffi it VPDDQ CT VTODCrltUD* f ICTmO I 1 ICnnD

R100 DELTA H3M DELTA
0.00 16 .2
0.04 33 .1

63. 14 68 . 1
91.21 155 .1
96.20 3 8 7 . 1
98.28 1026 .
99.29 2867 .
99.73 8328.
99.90 24931 .
99.97 76360 .
99.99 237865 .

100.00 750007 .
7 100.00 2384476 .1

7 100.00 7619946 .1

16
33
67

155
385

1023
2858
8301

24851
76117

237121
747719

237740

759797

7 100.00 <10299820 .4 32
89473
2.5 5016 14 .000 96.0 <3906034 23051050 94. 7 *1226873 8 100.00 3289473 * 1 .9 3
289473



S=40* F=0.50

THERMAL AND UPFREEZING ANALYSIS ESTIMATES - PROGRAM UPFREEZ5Y - 04-08-1987
MftNVILLE WAUKE6AN, ILL PLANT WASTE PILE

****** YEflRS TO UPFREEZE OBJECTS THRU COVER - PRELIMINARY RESULTS ******

OBJECTS HAVE (X - A) = 2.00 FT (EFFECTIVE PARTICLE SIZE, EPS.UF) STARTING AT
TOP OF WASTE PILE-BOTTOM OF COVER OF TOTAL THICKNESS = TCT

THERMAL LOAD FREEZE INDEX (FI ) : LD6NORMAL W/ MEDIAN = 875 MEAN = 935 SD.LN=.365

HI = DEPTH OF COVER ABOVE OBJECT, STARTING AT H1=TCT CFT1 - FINE-GRAINED SOIL
UNFROZEN DRY DENS. =100 PCF, WATER CONT.= 20.3* (80* SflT) KIKJ.81
FROZEN DRY DENS. = 60 PCF, WflTER CONT.= 61 .6* C/L=.0062 L=5057 KF=1.30

H3M = OBJECT LENGTH FOR MAX UPFREEZE, STARTING IN:
H3 = WASTE PILE OF SOIL-HAVING:

UNFROZEN DRY DENS. =100 PCF, WATER CONT.= 20.3* (80* SAT) KU=0.81
FROZEN DRY DENS. = 60 PCF WATER CQNT.= 61.6* C/L=.0062 L=5057 KF=1.30

BofiTcOVER ANT WASTE PILE USE HEAVE STRAIN, S = 40*, 95* OF MAX L
HEAVE FRACTION NOT RECOVERED ON THAWING, F = 0.50,
LAMBDA*SQR[N-FACTOR] = .48 (AVG) .00 (SD)

ESTIMATES USE MOD. BERGGREN EQU. W/ KERSTEN KF'S AND + 0* - 25* ERROR IN KF'S
CORRELATION COEFFICIENT BETWEEN Kl .F AND K3.F, HI.3=0.00

FPY = AVG YEARS TO FIRST FROST PENETRATION TO DEPTH HI AND RETURN PERIOD
UP.YRS = ESTIMflTED YEflRS FOR OBJECT UPFREEZING FROM HI (FOR HI PROPS IN H3) BUT

CORRECT UP.YRS FOR DIFFERENCE IN DELTfl'S WHEN OBJECT IN H3.
CONSERATIVE FOR ALL OBJECTS HAVING (X-A) ( 1 .90 FT

FOR H1=TCT: UP.YRS IS AN ESTIMATE (+ OR - CV*) OF YEflRS TO UPFREEZE THRU COVER
LBOND = 1 STANDARD DEVIATION LOWER BOUND (LB),

ABD = ABOND = ABSOLUTE LB FOR HEAVE STRAIN, UNRECOVER FACTOR AND EPS.UF
R100 = EST'ED RELIABILITY (PROBABILITY) UP.YRS EXCEEDS 100 YEARS

WST'PILE

HI
1.0
1 . 1
1 .2
1 .3
1 .4
1 .5
1 .6
1 .7
1 .8
1 .9
2.0
2. 1
2 .2
1
2.3
0
2 .4
579
2.5

_,'UtU«UHT3 KHUB. ———
TCAVGtCV* FPAVG4CV* FPY

803
971

1156
1356
1573
1806
2055
2319
2600
2897
3210
3539
3884

4246

4623

5016

14
14
14
14
14
14
14
14
14
14
14
14
14

14

14

14

.597
.406
.248
.138
.071
.034
.016
.007
.003
.001
.000
.000
.000
.000

.000

.000

24.8
36.6
47.8
57.7
65.9
72.6
78.0
82.2
85.6
88.2
90.3
92.0
93.4

94.4

95.3

96.0

2
3
5
11
25
62

164
459

1332
3989

12218
38059

120001

———— TLHK3 "
UP.YRS CV*

29
49
89

178
395
960

2517
6995

20299
60816

186506
581655

1835448
381516 5837217

*1219190

*3906034

10.0
19.0
30.4
42.5
54.1
63.9
71 .7
77.8
82.3
85.8
88.5
90.6
92.3

93.6

13005120 94.

18440840 94.

LBOND ABD
26 3
40 3
62 3

102 3
181 4
347 4
711 4

1555 4
3584 5
8612 5

21388 5
54512 5
*141760

*374423

3 *736560

7 *981499

KKUB. >
R100

0.00
0.00

34.27
85.80
94.81
97.77
99.09
99.65
99.88
99.%
99.99

100.00

1EHR3 ri
DELTA H3M

13 .2
26 .1
54 .1

124 .1
309 .1
821 .1

2293 .1
6662 .1

19945 .1
61088 .1

190292 .1
600006 .1

6 100.00 1907581 .

6 100.00 6095957 .

6 100.

6 100.

00 8239B56

00 2631579

imrra
DELTA

13
26
54

124
308
819

2286
6641

19881
60894

189697
598175

1 190192

1 607838

.4 263!

* 1 .9 26
31579



S=50< F=0.10

THERMAL AND UPFREEZING ANALYSIS ESTIMATES - PROGRAM UPFREEZ5Y — 04-08-1987
MANVILLE WAUKEBflN, ILL PLANT HASTE PILE

««** YEARS TO UPFREEZE OBJECTS THRU COVER — PRELIMINARY RESULTS ***«*

OBJECTS HAVE (X - A) = 2.00 FT (EFFECTIVE PARTICLE SIZE, EPS.UF) STARTING AT
TOP OF WASTE PILE-BOTTOM OF COVER OF TOTAL THICKNESS = TCT

THERMAL LOAD FREEZE INDEX (FI): LOGNORMAL H/ MEDIAN = 875 MEAN = 935 SD.LN=.365

HI = DEPTH OF COVER ABOVE OBJECT, STARTING AT H1=TCT tFT] - FINE-GRAINED SOIL
UNFROZEN DRY DENS.=100 PCF, WATER CONT.= 20.3* (B0> SAT) KU=0.81
FROZEN DRY DENS. = 50 PCF, WATER CONT.= 80.7* C/L=.0057 L=5523 KF=1 .42

H3M = OBJECT LENGTH FOR MAX UPFREEZE, STARTING IN:
H3 = WASTE PILE OF SOIL-HAVING:

UNFROZEN DRY DENS. =100 PCF, WATER CONT.= 20.3< (80* SAT) KU=0.81
FROZEN DRY DENS. = 50 PCF WATER CONT.= 80.7X C/L=.0057 L=5523 KF=1.42

BOVCO'.'ER AND WASTE PILE USE HEAVE STRfllN, S = 5W, 95< OF MAX L
HEAVE FRACTION NOT RECOVERED ON THAWING, F = 0.10,
LAMBDA*SQRtN-FACTOR] = .48 (AVG) .00 (SD)

ESTIMATES USE MOD. BERGGREN EQU. W/ KERSTEN KF'S AND + M - 25* ERROR IN KF'S
CORRELATION COEFFICIENT BETWEEN Kl .F AND K3.F, R1.3=0.00

FPY = AVG YEARS TO FIRST FROST PENETRATION TO DEPTH HI AND RETURN PERIOD
UP.YRS = ESTIMATED YEARS FOR OBJECT UPFREEZIN6 FROM HI (FOR HI PROPS IN H3) BUT

CORRECT UP.YRS FOR DIFFERENCE IN DELTA'S WHEN OBJECT IN H3.
CONSERATIVE FOR ALL OBJECTS HAVING (X-A) < 1 .90 FT

FOR H1=TCT: UP.YRS IS AN ESTIMATE (+ OR - CW OF YEARS TO UPFREEZE THRU COVER
LBOND = 1 STANDARD DEVIATION LOWER BOUND (LB),

ABD = ABOND = ABSOLUTE LB FOR HEAVE STRAIN, UNRECOVER FACTOR AND EPS.UF
R100 = EST'ED RELIABILITY (PROBABILITY) UP.YRS EXCEEDS 100 YEARS

COVER THERMAL PROPERTIES IN H3 (R1.3=l) WST'PILE
F^-DEG*DAYS PROB. —————YEARS ————— PROB.< YEARS FT YEARS
HI TCAVGiCV* FPAVGtCV* FPY UP.YRS CV< LBOND ABD R100 DELTA H3M DELTA
1 .0 9 2 5 1 4 . 4 5 4 3 3 . 5 2 1 7 1 1 6 . 5 143 10 99.41 9 2 . 1 92
1 .1 1 1 1 9 1 4 . 2 7 5 4 5 . 7 5 3 1628 . 1 227 11 99.28 198 . 1 197
1.2 1 3 3 2 1 4 . 1 4 9 5 6 . 6 10 6534 1 . 2 384 12 98.86 4 7 8 . 1 476
1.3 1 5 6 3 1 4 . 0 7 3 6 5 . 6 24 152853.7 707 13 99.12 1 2 7 1 . 1 1267
1.4 1 8 1 3 1 4 . 0 3 3 7 2 . 8 64 398464.3 1421 14 99.56 364 1 . 1 3628
1.5 2 0 8 1 1 4 . 0 1 4 7 8 . 5 182 1 132472 .6 3104 15 99.82 1 1 0 3 9 . 1 10998
1.6 2368 14 .00682 .9 552 3431678.8 7283 16 99.94 34945. 1 34814
1 .7 2 6 7 3 1 4 . 0 0 2 8 6 . 3 1747 10892483.418093 17 99.98 1 1 4 2 7 1 . 1 113847
1.8 2 9 9 7 1 4 . 0 0 1 8 9 . 0 5714 35742486 .847010 18 99.99 382729.1 381333
1.9 3339 14 .000 91 . 1 19136 1200831 89.5 J126432 19 100.00 1304086 .1 129944
0
2.0 3 6 9 9 1 4 . 0 0 0 9 2 . 7 65205 410096391 .5 *349143 20 100 .004496 179 . 1448060
1
2.1 4079 14 .000 94.0 224809 14158130 93. 1 X983758 21 100.00 H5618150 .1 <155
65750
2.2 4476 14 .000 95.0 780906 38104060 94.1 <2259889 22 100.00 X32273710 .4 <32
684580
2.3 4893 14 .000 95.8 *2723563 59504070 94.5 W285273 23 100.00 <10526310 *1 .9

X10526310
2.4 5327 14 .000 93.5 «166669 70030380 94.5 X3844320 24 100.00 J10K6310 < 1 .9

X10526310
2.5 5780 14 .000 82.1 *5491672 80556700 93.6 X5126309 25 100.00 <10526310 J 1 .9
X10526310



5=50* F=0.20

THERMAL AMD UPFREEZING ANALYSIS ESTIMATES - PROGRAM UPFREEZ5Y - 04-08-1987
MftNVILLE HAUKE6AN, ILL PLANT WASTE PILE

«*«* YEARS TO UPFREEZE OBJECTS THRU COVER - PRELIMINARY RESULTS ******
OBJECTS HAVE (X - A) = 2.00 FT (EFFECTIVE PARTICLE SIZE, EPS.UF) STARTING AT
TOP OF UASTE PILE-BOTTOM OF COVER OF TOTAL THICKNESS = TCT
THERMAL LOAD FREEZE INDEX (FI): L06NORMAL H/ MEDIAN = 875 MEAN = 935 SD.LN=.365
HI = DEPTH OF COVER ABOVE OBJECT, STARTING AT H1=TCT [FT] - FINE-GRAINED SOIL

UNFROZEN DRY DENS.=100 PCF, HATER CONT.= 20.3* (80* SAT) KU=O.B1
FROZEN DRY DENS. = 50 PCF, MATER CONT.= 80.7* C/L=.0057 L=5523 KF=1.42

H3M = OBJECT LENGTH FOR MAX UPFREEZE, STARTING IN:
H3 = UASTE PILE OF SOIL-WVING:

UNFROZEN DRY DENS. =100 PCF, HATER CONT.= 20.3* (80* SAT) KiM.81
FROZEN DRY DENS. = 50 PCF HATER CONT.= 80.7* C/L=. 0057 L=5523 KF=1.42

BotTTCOVER AND HASTE PILE USE HEAVE STRAIN, S = 50*, 95* OF MAX L
HEAVE FRACTION NOT RECOVERED ON THAWING, F = 0.20,
LAMBDA«SQREN-FACTOR] = .48 (AVG) .00 (SD)

ESTIMATES USE MOD. BERGGREN EQU. W/ KERSTEN KF'S AND + 0* - 25* ERROR IN KF'S
CORRELATION COEFFICIENT BETWEEN Ki .F AND K3.F, R1.3=0.00
FPY = AVG YEARS TO FIRST FROST PENETRATION TO DEPTH HI AND RETURN PERIOD
UP.YRS = ESTIMATED YEARS FOR OBJECT UPFREEZING FROM HI (FOR HI PROPS IN H3) BUT

CORRECT UP.YRS FOR DIFFERENCE IN DELTA'S WHEN OBJECT IN H3.
CONSERATIVE FOR ALL OBJECTS HAVING (X-A) ( 1 .90 FT

FOR H1=TCT: UP.YRS IS AN ESTIMATE (+ OR - CV*) OF YEARS TO UPFREEZE THRU COVER
LBOND = 1 STANDARD DEVIATION LOWER BOUND (LB),

ABD = ABOND = ABSOLUTE LB FOR HEAVE STRAIN, UNRECOVER FACTOR AND EPS.UF
R100 = EST'ED RELIABILITY (PROBABILITY) UP.YRS EXCEEDS 100 YEARS

F\_ -DE6*DAYS PROB.
HI
1 .0
1 . 1
1 .2
1 .3
1 .4
1 .5
1 .6
1.7
1 .8
1 .9
2.0
1
2. 1
4
2.2

COVER THERMf
..... v/l

TCAV6SCV* FPAVGiCVX FPY
925

1 1 19
1332
1563
1813
2081
2368
2673
2997
3339
3699
4079

4476

14
14
14
14
14
14
14
14
14
14
14

14

14

.454

.275

.149

.073
.033
.014
.006
.002
.001
.000
.000

.000

.000

33.5
45.7
56.6
65.6
72.8
78.5
82.9
86.3
89.0
91 . 1
92.7

94.0

95.0

2
5

10
24
64

182
552

1747
5714

19136
65205

224809

—————— II
UP.YRS

85
158
327
764

1932
5662

17158
54462

178712
600416

2050482
7079064

780906 19052030

S. PRC
EARS -
CV*
16.5
28.1
41 .2
53.7
64.3
72.6
78.8
83.4
86.8
83.5
91 .5

93.1

94.1

1PERTIES IN
LBOND ABD

71 5
113 6
192 6
353 7
710 7

1552 8
3641 8
9046 9

23505 9
63216 10

H3 (R1.3=l) UST'PILE
PROB.* YEARS FT YEARS
R100

14.99
90.40
96.22
97.89
99.02
99.61
99.66
99.%

DELTA H3M
46 .
99 .

239 .
636 .

1821 .
5519 .

17472 .
57135 .1

99.99 19 1365 . 1
100.00 652043 .1

*174571 10 100.00
*491879 11 100.00

*1129944 11 100.00

2248089 .1
7809076 . 1

*16136860

DELTA
46
98

238
633

1814
5499

17407
56924

190666
649720

224030
778287

.4 * 16
342290
2.3 4893 14 .000 95.8 *2722563 29752040 94. 5 *1642637 12 100.00 5263157 * 1 .9 5
263157
2.4 5327 14 .000 93.5 *51 66669 35015190 94. 5 <1922160 12 100.00 5263157 * 1 .9 5
263157
2.5 5780 14 .000 82.1 *5491672 40278350 93. 6 *2563155 12 100.00 5263157 * 1 .9 5
263157



5=50* F=0.30

THERMAL flND UPFREEZING ANALYSIS ESTIMATES - PROGRAM UPFREEZ5Y - 04-08-1987
MANVILLE WAUKEGAN, ILL PLflNT WASTE PILE

YEflRS TO UPFREEZE OBJECTS THRU COVER - PRELIMINARY RESULTS ««»

OBJECTS HAVE (X - A) = 2.00 FT (EFFECTIVE PARTICLE SIZE, EPS. IF) STARTING AT
TOP OF WASTE PILE-BOTTOM OF COVER OF TOTAL THICKNESS = TCT

THERMAL LOAD FREEZE INDEX (FI) : LOBNORMAL W/ MEDIAN = 875 MEAN = 935 SD.LN=.365

HI = DEPTH OF COVER ABOVE OBJECT, STARTING AT H1=TCT [FTJ - FINE-BRAINED SOIL
UNFROZEN DRY DENS. =100 PCF, WATER CONT.= 20. 3< (8W SAT) KU=O.B1
FROZEN DRY DENS. = 50 PCF, HATER CONL = 80. 7X C/L=.0057 L=5523 KF=1.42

H3M = OBJECT LENGTH FOR MAX UPFREEZE, STARTING IN:
H3 = WASTE PILE OF SOIL-HAVING:

UNFROZEN DRY DENS. =100 PCF, WATER CONT.= 20.3* (flW SAT) KU=0.81
FROZEN DRY DENS. = 50 PCF HATER CONT.= 80.7* C/L=. 0057 L=5523 KF=1 .42

BOtrCOVER AND WASTE PILE USE HEAVE STRAIN, S = 50*, 95X OF MAX L
HEAVE FRACTION NOT RECOVERED ON THAWING, F = 0.30,
LAMBDA«SQR[N-FACTDR] = .48 (AVG) .00 (SD)

ESTIMATES USE MOD. BERGGREN EQU. W/ KERSTEN KF'S AND + 0< - 25* ERROR IN KF'S
CORRELATION COEFFICIENT BETWEEN Kl .F AND K3.F, R1 .3=0.00

FPY = AVG YEARS TO FIRST FROST PENETRATION TO DEPTH HI AND RETURN PERIOD
UP.YRS = ESTIMATED YEARS FOR OBJECT UPFREEZING FROM HI (FOR HI PROPS IN K3) BUT

CORRECT UP.YRS FOR DIFFERENCE IN DELTA'S WHEN OBJECT IN H3.
CONSERATIVE FOR ALL OBJECTS HAVING (X-fl) < 1 .90 FT

FOR H1=TCT: UP.YRS IS AN ESTIMATE (+ OR - CW) OF YEARS TO UPFREEZE THRU COVER
LBOND = 1 STANDARD DEVIATION LOWER BOUND (LB),

ABD = ABOND = ABSOLUTE LB FOR HEAVE STRAIN, UNRECOVER FACTOR AND EPS. UF
R100 = EST'ED RELIABILITY (PROBABILITY) UP.YRS EXCEEDS 100 YEARS

COVER THERMAL PROPERTIES IN H3 (R1.3=l ) WST'PILE
r . ULLJl'UMIO rriuu. ——————— TCMno ———————
Hl̂ CAVGtCVX FPAVGtCVX FPY
1.0 925
1 . 1 1 1 19
1.2 1332
1.3 1563
1 .4 1813
1.5 2C31
1.6 2368
1.7 2673
1.8 2997
1.9 3339
2.0 3699
4
2.1 4079
3
2.2 4476
94860
2.3 4893
508772
2.4 5327
508772
2.5 5780
508772

14
14
14
14
14
14
14
14
14
14
14

14

14

14

14

14

.454

.275

. 149

.073

.033

.0 14
.006
.002
.001
.000
.000

.000

.000

.000

.000

.000

33.5
45.7
56.6
65.6
72.8
78.5
82.9
86.3
89.0
9 1 . 1
92.7

94.0

95.0
95.8

93.5

82.1

2
5

10
24
64

182
552

1747
5714

19136
65205

224809

UP.YRS
57

105
218
509

1328
3775

11439
36308

1 19141
400277

1366988

4719376

780906 12701350

*2723563

*51&6££9

5C5491672

CW
16.5
28.1
41 .2
53.7
64.3
72.6
78.8
83.4
86.6
89.5
91 .5

93. 1

94.1

19834690 94.

23343470 94.

26852240 93.

LBOND ABD
48
76

128
236
474

1035
2428
6031

15670
42144
J11&381

X327919

*7532%

3
4
4
4
5
5
5
6
6
6

5 K1095091

5 * 1281440

6 *1708770

rnuo. f
R100

0.00
56.99
91.33
96.40
98.44
99.40
99.79
99.93
99.98
99.99

7 100.00

7 100.00

7 100.00

8 100

8 100

8 100

icuna r i
DELTA H3M

31 .1
66 .1

159 .1
424 .1

1214 .1
3680 .1

11648 .1
38090 .1

127576 . 1
434695 .1

1498726 . 1

5206051 .1
J10757900

.00 3508772

.00 3508772

.00 3508772

TCHKO
DELTA

31
66

159
422

1209
3666

11605
37949

12711 1
433147

149353

518858

.4 5<108

tt.9 3

5( 1 .9 3

5( 1 .9 3



S=50< F=0.40

THERMAL flND UPFREEZING flNflLYSIS ESTIMflTES - PROGRAM UPFREEZ5Y - 04-08-1987
MANVILLE WAUKEGAN, 111 PLftNT WflSTE PILE

««« YEflRS TO UPFREEZE OBJECTS THRU COVER - PRELIMINflRY RESULTS

OBJECTS HflVE (X - ft) = 2.00 FT (EFFECTIVE PflRTICLE SIZE, EPS.UF) STORTING flT
TOP OF WflSTE PILE-BOTTOM OF COVER OF TOTflL THICKNESS = TCT

THERMAL LOAD FREEZE INDEX (FI): LDGNORMftL M/ MEDIAN = 875 MEAN = 935 SD.LN=.365

HI = DEPTH OF COVER ABOVE OBJECT, STflRTING flT H1=TCT [FT] - FINE-GRAINED SOIL
UNFROZEN DRY DENS. =100 PCF, WATER CONT.= 20.3* (80* SAT) KU=O.B1
FROZEN DRY DENS. = 50 PCF, WATER CONT.= 80.7* C/L=.0057 L=5523 KF=1.42

H3M = OBJECT LENGTH FOR MAX UPFREEZE, STflRTING IN:
H3 = WASTE PILE OF SOIL—HAS1 ING:

UNFROZEN DRY DENS.=100 PCF, WATER CONT.= 20.3* (80* SAT) KU=0.81
FR3ZEN DRY DENS. = 50 PCF HATER CONT.= 80.7* C/L=.0057 L=5523 KF=1.42

BOVCOVER AND WflSTE PILE USE HEAVE STRAIN, S = 50*, 95* OF MAX L
HEflVE FRACTION NOT RECOVERED ON THAWING, F = 0.40,
LAMBDfltSQREN-FftCTOR] = .48 (ftVG) .00 (SD)

ESTIMflTES USE MOD. BERGGREN EQU. W/ KERSTEN KF'S flND + 0* - 25* ERROR IN KF'S
CORRELflTION COEFFICIENT BETWEEN Kl .F flND K3.F, R1 .3=0.00

FPY = ftVG YEflRS TO FIRST FROST PENETRATION TO DEPTH HI AND RETURN PERIOD
UP.YRS = ESTIMftTED YEflRS FOR OBJECT UPFREEZING FROM HI (FOR HI PROPS IN H3) BUT

CORRECT UP.YRS FOR DIFERENCE IN DELTA'S WHEN OBJECT IN H3.
CONSERflTIVE FOR ALL OBJECTS HflVING (X-fl) < 1 .90 FT

FOR H1=TCT: UP.YRS IS flN ESTIMflTE (+ OR - CV*) OF YEflRS TO UPFREEZE THRU COVER
LBOND = 1 STANDARD DEVIATION LOWER BOUND (LB),

flBD = flBOND = flBSOLUTE LB FOR HEflVE STRflIN, UNRECOVER FACTOR AND EPS.UF
R100 = EST'ED RELIABILITY (PROBABILITY) UP.YRS EXCEEDS 100 YEARS

F -DEG*DflYS PROB.
Hl̂ tCAVG&CV* FPAVGtCV,
1 .0
1 . 1
1 .2
1 .3
1 .4
1 .5
1 .6
1 .7
1 .8
1 .9
2.0
2. 1
7
2.2
5
2.3

925
1 1 19
1332
1563
1813
2081
2368
2673
2997
3339
3699
4079

4476
4893

14
14
14
14
14
14
14
14
14
14
14
14

14

14

.454
.275
. 149
.073
.033
.014
.006
.002
.001
.000
.000
.000

.000

.000

33.5
45.7
56.6
65.6
72.8
78.5
82.9
86.3
89.0
9 1 . 1
92.7
94.0

95.0

95.8

COVER THERW
UT

1 FPY
2
5

10
24
64

182
552

1747
5714

19136
65205

224609

780906

*2723563

—— It

UP.YRS
43
79

163
382
996

2831
8579

27231
89356

300208
1025241
3539532

9526015

¥. PRC
IARS -
CV*
16.5
28.1
4 1 . 2
53.7
64.3
72.6
78.8
83.4
86.8
89.5
91 .5
93. 1

94.1

14876020 94.

PERTIES Ih

LBOND flBD
36 3
57 3
96 3

177 3
355 4
776 4

1821 4
4523 4

11752 5
31608 5
87286 5
<245939

*564972

5 *82131B

! H3 (Rl.
PROB.*
R100

0.00
17.07
83.39
94.60
97.84
99.18
99.72
99.91
99.97
99.99

3=1) WST'PILE
YEflRS FT YEflRS
DELTA H3M DELTA

23 .1
49 .1

1 19 . 1
318 .1
910 . 1

2760 .1
6736 .1

28568 .1
95682 .1

326021 .1

23
49

119
317
907

2750
8704

28462
95333

324860
100.00 1124045 .1 1120150
5 100.00

6 100.00
3904538 .1

8068428 .4

6 100.00 2631579

389143

817 1 14

< 1 .9 26
31579
2.4 5327 14 .000 93.5 *5166669 17507600 94. 5 *961080 6 100.00 2631579 * 1 .9 26
31579
2.5 5780 14 .000 62.1 *5491672 20139170 93. 6 *12B1577 6 100 .00 2631579 * 1 .9 2
631579



S=5M F=0.50

THERMAL AND UPFREE2ING ANALYSIS ESTIMATES - PROGRAM UPFREEZ5Y - 04-08-1987
MANVILLE WAUKE6AN, ILL PLANT HASTE PILE

****** YEARS TO UPFREEZE OBJECTS THRU COVER - PRELIMINARY RESULTS ******
OBJECTS HAVE (X - A) = 2.00 FT (EFFECTIVE PARTICLE SIZE, EPS.UF) STARTING AT
TOP OF HASTE PILE-BOTTOM OF COVER OF TOTAL THICKNESS = TCT

THERMAL LOAD FREEZE INDEX (FI) : L06NORMAL U/ MEDIAN = 875 MEAN = 935 SD.LN=.365
HI = DEPTH OF COVER ABOVE OBJECT, STARTING AT H1=TCT [FT] - FINE-GRAINED SOIL

UI^ROZEN DRY DENS. =100 PCF, HATER CONT.= 20. 3X (80* SAT) KlKi.81
FROZEN DRY DENS. = 50 PCF, HATER CONT.= 80.1% C/L=.0057 L=5523 KF=1.42

H3M = OBJECT LENGTH FOR MAX UPFREEZE, STARTING IN:
H3 = HASTE PILE OF SOIL-HAVING:

UNFROZEN DRY DENS. =100 PCF, HATER CONT.= 20.3X (80* SAT) KU=0.81
FROZEN DRY DENS. = 50 PCF HATER CONT.= 80.7X C/L=.0057 L=5523 KF=1.42

BOfFrtOVER AND HASTE PILE USE HEAVE STRAIN, S = 50*, 95X OF MAX L
HEAVE FRACTION NOT RECOVERED ON THAUING, F = 0.50,
LAMBDfl*SQRCN-FACTOR] = .46 (flVB) .00 (SD)

ESTIMATES USE MOD. BERSGREN EQU. U/ KERSTEN KF'S AND + OX - 25X ERROR IN KF'S
CORRELATION COEFFICIENT BETWEEN Kl .F AND K3.F, R1 .3=0.00

FPY = AVG YEARS TO FIRST FROST PENETRATION TO DEPTH HI AND RETURN PERIOD
UP.YRS = ESTIMATED YEARS FOR OBJECT UPFREEZIN6 FROM HI (FOR HI PROF'S IN H3) BUT

CORRECT UP.YRS FOR DIFFERENCE IN DELTA'S UHEN OBJECT IN H3.
CQNSERATIVE FOR ALL OBJECTS HAVING (X-A) ( 1 .90 FT

FOR H1=TCT: UP.YRS IS AN ESTIMATE <+ OR - CVX) OF YEARS TO UPFREEZE THRU COVER
LBOND = 1 STANDARD DEVIATION LOWER BOUND (LB),

ABD = ABOND = ABSOLUTE LB FOR HEAVE STRAIN, UNRECOVER FACTOR AND EPS.UF
R100 = EST'ED RELIABILITY (PROBABILITY) UP.YRS EXCEEDS 100 YEARS

FT £6*DAYS PROB. — -
HI "TCAVGOX FPAVGiCVX FPY
1 .0
1 . 1
1 .2
1 .3
1 .4
1 .5
1 .6
1 .7
1 .8
1 .9
2.0
2.1
0
2.2
6
2.3

925
11 19
1332
1563
1813
2081
2368
2673
2997
3339
3699
4079

4476

4893

14
14
14
14
14
14
14
14
14
14
14
14

14

14

.454

.275

.149

.073

.033

.014

.006
.002
.001
.000
.000
.000

.000

.000

33.5
45.7
56.6
65.6
72.8
78. 5
82.9
86.3
89.0
9 1 . 1
92.7
94.0

95.0

95.8

2
5

10
24
64

132
552

1747
5714

19136
65205

224809

780906
X27235&3

——— YEARS -
UP.YRS CVX

34
63

131
306
797

2265
6863

21785
71485

240166
820193

2831626

7620812

16.5
28.1
41 .2
53.7
64.3
72.6
78.8
83.4
86.8
89.5
91 .5
93.1
94. 1

11900820 94.

LBOND ABD
29 2
45 2
77 2

141 3
284 3
621 3

1457 3
3619 3
9402 4

25286 4
69829 4
X136752
X45197B

5 X657055

PROB.X
R100

0.00
1.88

72.18
92.48
97.20
98.96
99.64
99.88
99.96
99.99

100.00
4 100.00

4 100.00

YEARS FT
DELTA H3M

IB .1
40 .1
% .1

254 .1
728 .1

2208 .1
6989 .1

22854 .1
76546 .1

260817 .1
899236 .1
3123631 . 1

6454743 .4

5 100.00 2105263

YEARS
DELTA

IB
39
95

253
726

2200
6963

22769
76267

259888
896120
311315

653691

XI. 9 21
05263
2.4 5327 14 .000 93.5 X5 166669 14006080 94. 5 X7688&4 5 100. 00 2105263 XI. 9 21
05263
2.5 5780 14 .000 B2.1 X5491&72 161 1 1340 93. 6 X1025262 5 100.00 2105263 XI. 9 2
105263

UPFREEZ5 RUN COMPLETE



««*«*«»**«**+****«*««*«
SAVED UNDER FILE NAME: UPF1-5Y

UPFREEZ5Y «*****ntt***ttn*ttt»«**«
DATE: 04-08-1987
TIME: 12:30:42

PROBABILISTIC 6EOTECHNICAL THERMAL ANALYSIS
1-LAYE3 FINE-GRAINED COVER SYSTEM

MODIFIED BERGGREN EOLATION WITH KERSTEN K'S

PROPERTIES OF COVER

COVER LAYER DRY DENSITY=100 PCF, HATER CONTENT =20.3* (BOX SAT) 100* S=25.4*
flVERAGE HEflVE STRAIN = 10* TO 50*
FRACTION OF HEAVE NOT RECOVERED ON THAWING (R! = 0.30 TO 0.30
LA.«BDA*S2R[N-FACTCR:: AVG^O.48; SD=0.00
(COVER AND WASTE PILE USE THE SAKE VALUES)

PROPERTIES DF WASTE PILE

Ffor-GRAINED SCIL
UNFROZEN DRY DENSITY = 100. [PCF], WATER CONTENT = 20* (BO* SAT) 100* S=25.4*
AVERAGE HEAVE STRAIN = 10* TO 50*
FRACTION OF HEAVE NOT RECOVERED ON' THAWING (R) = 0,30 TO 0.30

THERMAL LOAD INFORMATION

FREEZE INDEX (FI) FOR WAUKEKGAN ASSUMED LD6NQRMAL WITH MEAN 4 STANDARD DEVIATION
FROM HISTORICAL DATA 1349-50 TO 1534-85 EXCEPT 1982-83 (TOTAL = 35 YEARS)
L06NCRMAL FREEZE INDEX (THERMAL LOAD) : MEAN=848, MEDIAN=800, SD=320, CV=0.378,

SDTLN FI ]=0.3£5, SKEWNESS= 1 .277 HOWEVER:
CONSERVATIVE LOGNORMAL ENVELOPE USED FOR FREEZE INDEX: MEDIAN = 675, MEAN = 935

SDCLN FH =0.365
ALL YEARS HAVE HISTORICAL FI FREQUENCY (= FORCASTED (PREDICTED) PROBABILITIES

(1983-84 [FI=1 £003 LIES ON THE ENVELOPE ALL OTHER YEARS ARE BELOW)

UPFREEZING INFORKAT ION-EQUATION: U = ( X - f l - T ) » S * R * C
UPFREEZING ASSUMPTIONS:

0 EFFECTIVE PARTICLE SIZE (X - A) IS EPS.UF =
f^-ERP.GE HEAVE STRAIN (S! = 10 * TO 50 * ——
FRACTION OF HEP.VE NOT RECO'v'ERe ON THAWING (R) = 0.30 TO 0.30
EFFECTIVE NUMBER OF COMPLETE FREEZE THAW CYCLES (C) = NUMBER OF FREEZE SEASONS

(YEARS) » P.H3
*NOTE: BOTH C AND P.H3 ARE DEPTH DEPENDENT

&+A
.sft -



S=10< F=C.30

THERMAL flND UPFREEZING flNALYSIS ESTIMATES — PROGRflM UPFREEZ5Y — 04-08-1987
MflNVILLE UAUKEGAN, ILL PLflNT WftSTE PILE

****** YEflRS TO UPFREEZE OBJECTS THRU COVER - PRELIMINARY RESULTS ******

OBJECTS HAVE (X - A) = 2.00 FT (EFFECTIVE PARTICLE SIZE, EPS.UF) STflRTING flT
TOP OF WASTE PILE-BOTT3K OF COVER OF TOTflL THICKNESS = TCT

THERMAL LOAD FREEZE INDEX (F I ) : L06NORMAL H/ MEDIAN = 875 MEAN = 935 SD.LN=.365

HI = DEPTH OF COVER ABOVE OBJECT, STflRTING flT H1=TCT [FT] - FINE-6RflINED SOIL
UNFROZEN DRY DENS. =100 PCF, HATER CONT.= 20.3* (80* SflT) KIMI.B1
FROZEN DRY DENS. = 90 PCF, WfiTER CCCT.= 29.7* C/L=.0085 L=3£58 KF=1 . !5

H3K = OBJECT LENGTH FOR MAX UPFREEZE, STflRTING IN:
HZ = WASTE PILE OF SOIL—HAVING:

UNFROZEN DRY DEN'S. =100 PCF, WflTER CONT.= 20.3* (80* SflT) KlKi.81
FROZEN DRY DENS. = 90 PCF WATER CONT.= 29.7* C/L=.0085 L=3658 KF=1 . 15

BOtfrtOVER WD WASTE PILE USE HEftVE STRfilN, S = 10*, 95* OF MAX LHEAVE FRA:TIO?-; NOT RECOVERED ON THAWING, F = 0.30,
LRMBDfltS3R[N-FflCTDR] = .48 (flVG) .00 (SD)

ESTIMATES USE MOD. BER3GREN EOU. W/ KERSTEN KF'S AND * 0* - 25* ERROR IN KF 'S
CORRELATION COEFFICIENT BETWEEN Kl .F AND K3.F, R 1.3=0.00

FPY = flVG YEARS TO FIRST FROST PE?<ETRATION TO DEPTH HI flND RETURN PERIOD
UP.YRS = ESTIMATED YEflRS FOR OBJECT UPFREEZING FROM HI (FOR HI PROPS IN H3) BUT

CORRECT UP.YRS FOR DIFFERENCE IN DELTA'S WHEN OBJECT IN H3.
C0NSERATIYE FOR flLL OBJECTS HAVING (X-fl) ( 1 . 10 FT

FOR H1=TCT: UF.YRS IS AN ESTIMATE (* OR - D,1*) OF YEARS TO UPFREEZE THRU COVER
LBCND = 1 STflNDflRD DEVIftTION LOWER BOUND (LB),

ABD = flBOM) = flBSCLUTE LB FOR HEAVE STRAIN, UNRECOVER FflCTOR AND EPS.UF
R100 = EST'ED RELIftBILITY (PROBflBILITY) UP.YRS EXCEEDS 100 YEARS

FT
Hi""
0 . 1

4
0.2

A
0.3
A
O.A
5
0.5
6
0.6
7
0.7
8
0.8
0.9
1 .0
1 . 1
1 .2
1 .3
1 .4
1 .5
1 .6
1 .7

Jtu*wn /S PROS.
TCAVGO* FPAVSiCV*

A 1A

16 1A

37 1A

65 1A

102 1A

1A7 1A

200 1A

261 1A
330 1A
A08 1A
A93 1A
5£7 1A
6fl9 1A
799 1A
917 1A

10AA 1A
1178 1A

tt.OOO

tt.OOO

tt.OOO

* 1 .000

* 1 .000

<1.000

<1.000

.999 0.
.99A 0.
.976 1.
.931 A.
.851 9.
.737 16.
.601 2A.
.A63 32.
.337 Al.
.233 A9.

0.0
0.0

0.0

0.0

0.0

0.0

0.0

1
5
9
9
9
7
6
9
2
0

COVER THERMflL PROPERTIES I
TLHiw

N H3 (R1 .3= l )
PROB. < YEflRS

FPY UP.YRS CV* LBOND ABD R100 DELTA
1
1

1
1

1

1
1

1
1
1
1
1
1
0u
2
A
6

A 0.0

7 0.0

12 0.0

16 0.0

22 0.0
28 0.0

35 0.0

A3 0.0
5A 0.1
67 0.3
8A 1.0

108 2. A
1A1 5.2
190 9. A
267 15 .2
393 22.6
612 3 1 .0

A

7

12
16

22

28

35

A3 13
5A 15
67 17
83 18

105 20
13A 22
173 23
227 25
305 27
A22 28

2
3

5
7

8

10

12

0.
0.
0.
0.

99.
100.
100.
100.
99.
99.

0.00
0.00

0.00

0.00

0.00

0.00

0.00

00
00
00
00
78
00
00
00
95
76

9
12
15
20
27
AO
60
9A

158
280

WST'PILE
FT YEARS
H3« DELTA
A * 1 .0

A * 1 .0

A .9

5 .8

6 .7

7 .6

8 .6

.5

.A

. A
.3
. 3
.3
.2
.2
.2
.2

9
12
15
20
27
39
59
9A

157
278

•>r\ oo r-c



2.0
2.1
2.2
2.3
2.4

1630
1796
1973
2156
234£

14
14
14
14
14

.059 67.8

.035 72.4
.020 76.4
.011 79.8
.006 82.6

31
60

1 19
244
512

3262 56.5
6244 63.4

12302 69. 1
24900 74.0
51650 78.0

14 18
2285
3795
6481

11372

33
35
37
38
40

99.67
99.79
99.89
93.94
99.97

1988
3976
8140

17057
36442

.2

. 1

. 1

.1

. 1

1976
3970
8127

17029
36382

E.5 2 5 4 8 1 4 . 0 0 3 8 5 . 0 1093 10942881 .320457 42 99.99 7 9 1 1 5 . 1 78935



S=20X F=0.30

THERMAL AND UPFREEZIMG ANALYSIS ESTIMflTES - PROGRAM UPFREEZ5Y - 04-08-1387
MANVILLE WAUKEGAN, ILL PLANT WASTE PILE

««« YEARS TO UPFREEZE OBJECTS THRU COVER - PRELIMINARY RESULTS *«««

OBJECTS HAVE (X - ft) = 8.00 FT (EFFECTIVE PARTICLE SIZE, EPS. IF) STARTING AT
TOP OF WASTE PILE—BOTTOM OF COVER OF TOTAL THICKNESS = TCT

THERMAL LOAD FREEZE INDEX (FI ) : LOGNORMAL W/ MEDIAN = 875 MEAN = 935 SD.LN=.365

HI = DEPTH OF COVER ABOVE OBJECT, STARTING AT H1=TCT [FT] - FINE-GRAINED SOIL
UNFROZEN DRY DENS.=100 PCF, WATER CDNT.= 20.3X (SO* SAT) KU=0.81
FROZEN DRY DENS. = 80 PCF, WATER CCNT.= 37.7% C/L=.0076 L=4124 KF=1 . 1S

H3M = OBJECT LENGTH FOR MAX UPFREEZE, STARTING IN:
H3 = WASTE PILE OF SOIL-HAVING:

UNFROZEN DRY DENS.=100 PCF, WATER CONT.= 20.3X (80* SAT) KU=0.81
FROZEN DRY DENS. = 80 PCF WATER CO\T.= 37.7* C/L=.0076 L=4124 KF=1 . 13

BOVCOVER AND WASTE PILE USE HEAVE STRAIN, S = 20*, 95X OF MAX L
HEAVE FRACTION NOT RECOVERED ON THAWING, F = 0.30,
LAMBDA*SQR[N-FRCTQR] = .48 (AV6) .00 (SD)

ESTIMATES USE KOD. BERSSREN EQU. W/ KERSTEN KF'S AND + OX - 25X ERROR IN KF'S
CORRELATION COEFFICIENT BETWEEN K l .F AND K3.F, R1 .3=0.00

FPY = AVG YEARS TO FIRST FROST PENETRATION TO DEPTH HI AND RETURN PERIOD
UP.YRS = ESTIMATED YEARS FOR OBJECT UPFREEZING FROM HI (FOR HI PROPS IN H3) BUT

CORRECT UP.YRS FOR DIFFERENCE IN DELTA'S WHEN OBJECT IN H3.
CONSERATIVE FOR ALL OBJECTS HAVING (X-A) < 0.90 FT

FOR H1=TCT: UP.YRS IS AN ESTIMATE (+• OR - CVX) OF YEARS TO UPFREEZE THRU COVER
LBOND = 1 STANDARD DEVIATION LOWER BOUND (LB),

ABD = flBQND = ABSOLUTE LB FOR HEAVE STRAIN, UNRECOVER FACTOR AND EPS. UF
R100 = EST'ED RELIABILITY (PROBABILITY) UP.YRS EXCEEDS 100 YEARS

COVER THERMAL PROPERTIES IN H3 (R1.3=l) WST'PILE
F^-DEG*DAYS PRDB. —————YEARS ————— PROB.X YEARS FT YEARS
H! TCAVGiCVX FPAVGSCVX FPY UP.YRS CVX LBOND ABD R100 DELTA H3M DELTA
0.1
2
0.2
2
0.3
3
0.4
3
0.5
4
0.6
4
0.7
0 .8
0 .9
1 .0
1 . 1
1 .2
1 .3
1 .4
1 .5
1 .6
1 .7
1 .8

5 14
21 14

48 14

85 14

133 14

192 14

261 14
341 14
432 14
533 14
645 14
767 14
900 14

1044 14
1199 14
1364 14
1540 14
1726 14

XI. 000
XI. 000

XI. 000

XI. 000

XI. 000

XI. 000

.999 0.

.993 0.
.966 2.
.901 6.
.789 13.
. £40 22.
.482 31.
.336 41 .
.220 50.
. 135 58.
.073 64.
.044 70.

0.0
0.0

0 .0

0 .0

0 .0

0.0

1
6
5
B
5
3
B
3
1
0
8
5

1
1

1

1
1

1

1
1
1
1
1
2
2
4
6
1 1
OOi_i_
45

22
28
36
47
63
87

128
133
337
610

1 168
2364

2 0.0

4 0.0

7 0.0

10 0.0

13 0.0

17 0.0

0.0
0 . 1
0 .5
1 .5
3 .9
8 . 1

14 .5
22.9
32.3
42.9
52.3
60.6

2

4

7

10

13

17

22 6
28 7
36 8
46 8
60 9
80 10

109 11
154 12
226 13
348 13
557 14
931 15

1 0.00

2 0.00

3 0.00

3 0.00

4 0.00

5 0.00

0.00
0.00
0.00
0.00
0.00
3.82

93.29
98.52
98.56
98.55
98.89
99.32

5
7
9

13
19
30
51
93

182
364
754

1636

2 .9
2 .8

3 .7

3 .7

4 .6

4 .5

.4

.4

.3

.3

.2
.2
. 2
.2
.2
. 1
. 1
. 1

5
7
9

13
19
30
50
92

181
363
753

1633
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S=3CK F=0.30

THERMAL AND UPFREEZING ANALYSIS ESTIMATES - PROGRAM UPFREEZ5Y - 04-08-1987
MANVILLE WAUKEGAN, ILL PLANT HflSTE PILE

****** YEflRS TO UPFREEZE OBJECTS THRU COVER - PRELIMINARY RESULTS ******

OBJECTS HflVE (X - A) = 2.00 FT (EFFECTIVE PfiRTICLE SIZE, EPS.UF) STORTING AT
TOP OF HflSTE PILE-BOTTOM OF COVER OF TOTAL THICWESS = TCT

THERMAL LOflD FREEZE INDEX <F I ) : LOGNORMAL W/ MEDIAN = 875 MEAN = 935 SD.LN=.365

HI = DEPTH OF COVER ABOVE OBJECT, STARTING AT H1=TCT [FT] - FINE-GRAINED SOIL
UNFROZEN DRY DENS. =100 PCF, WATER CCNT.= 20. 3* (80* SAT) KU=0.8i
FROZEN DRY DENS. = 70 PCF, WATER CONT.= 47. 9* C/L=.0068 L=4590 KF=1 .23

H3M = OBJECT LENGTH FOR MAX UPFREEZE, STARTING IN:
H3 = WASTE PILE OF SOIL-HAVING:

UNFROZEN DRY DENS. =100 PCF, WATER CONT.= 20.3* (80* SAT) KU=0.81
DRY DENS. = 70 PCF WATER CONT.= 47.9* C/L=.OOo3 L=4590 KF=1.23

BOTH COVER AND WASTE PILE USE HEAVE STRAIN, S = 30*, 95* OF MAX L
HEAVE FRACTION NOT RECOVERED ON THAWING, F = 0.30,
LAKEDA«SQR[N-FACTCR] = .48 (AVG) .00 (SD)

ESTIMATES USE MOD. BERGGREN ECU. W/ KERSTEN KF'S AND + 0* - 25* ERROR IN KF'S
CORRELATION COEFFICIENT BETWEEN K l .F AND K3.F, R1.3=0.00

FPY = AVG YEARS TO FIRST FROST PENETRATION TO DEPTH HI AND RETURN PERIOD
UP.YRS = ESTIMATED YEARS FOR OBJECT UPFREEZING FROM HI (FOR HI PROPS IN H3) BUT

CORRECT UP.YRS FOR DIFERENCE IN DELTA'S WHEN OBJECT IN H3.
CONSERP.TIVE FOR ALL OBJECTS HAVING (X-A) < 0 .80 FT

FOR H1=TCT: UP.YRS IS AN ESTIMATE (+ OR - CV*) OF YEARS TO UPFREEZE THRU COVER
LBttQ = I STANDARD DEVIATION LOWER BOUND (LB),

ABD = ABOND = ABSOLUTE LB FOR HEAVE STRAIN, UNRECOVER FACTOR AND EPS.UF
R100 = EST'ED RELIABILITY (PROBABILITY) UP.YRS EXCEEDS 100 YEARS

COVER THERMAL PROPERTIES IN H3 (R1 .3= l ) HST'PILE
r i >>
HI
0.1
2
0.2
2
0.3
2
0.4
2
0.5
3
0.6
4
0.7
0.8
0.9
1 .0
1 . 1
1 .2
1 .3
1 .4
1 .5
1 .6
1 .7
1 .8

13 rnuc.
TCAVGJCV* FPAVGiCV*

7 14
27 14

60 14

107 14

167 14

240 14

327 14
427 14
540 14
667 14
807 14
961 14

1 126 14
1303 14
1501 14
1708 14
192S 14
2162 14

*1.000 0.0

* 1 .000 0.0

* 1 .000 0.0

*1 .000 0.0

* 1 .000 0.0

*1.000 0.0

.995 0.5

.968 2.4

.895 7.2

.763 15.2

.591 25.2

.4 17 35.9
.269 46.2
. 160 55.5
.089 63 .4
.047 70.0
.023 75.5
. 0 1 1 79.9

~" T
FPY UP.YRS

1

1

1

1

1

1

1
1
1
1
2
3
5
9

19
42

100
249

tnfw
CV*
2 0.

3 0.

5 0.

7 0.

10 0.

LKM)
0

0

0

0

0
14 0.0

IB
24
32
45
66

104
179
334
672

1462
3403
8372

0. 1
0.4
1 .7
4 .6

10 .0
18.2
28.5
39.6
50.4
59.9
67.9
74 .3

18
24
32
43
59
85

128
201
334
586

1092
2154

ABD
2

3

5

7

10
14

4
4
5
6
6
7
7
8
8
9
9

10

rnuo. *
R100
1 0.00

1 0.00

2 0.00

2 0.00

3 0.00

3 0.00

0.00
0.00
0.00
0.00
0.00

57.97
93.%
96.81
97.89
98.80
99.41
99.74

ICHrtJ
DELTA

5
7

10
15
26
50

100
209
468

1112
2770
7169

r i
H3M
Z .8

2 .7

2 .6

2 .6

3 .5

4 .4

. 3

.3

.2

.2

.2

.2

. 1

. 1

. 1

. 1

. 1

. 1

ICHRO
DELTA

5
7

10
15
26
50

100
208
467

1109
2763
7149



2.1 2942 14 .001 8fl. 6 46% 1557S8 86.2 21491 12 99.98 145065 . 1 144680
2.2 3 2 2 9 1 4 . 0 0 0 9 0 . 5 13056 43275288.649285 12 99.99 408864. 1 407799
2.3 3529 14 .000 92.0 36798 1219272 30.5 *115502 13 100.00 1 164178 .1 1 16121
7
2.4 3 8 4 3 1 4 . 0 0 0 9 3 . 2 1 0 4 7 7 6 3470771 92.1 %275406 13 100 .003338820 . 133305 1
7
2.5 4170 14 .000 94.2 300496 9950823 93.3 *665722 14 100.00 9621284 .1 959803
4



5=40* F=0.30

THERMAL AND UPFREEZING ANALYSIS ESTIMATES - PROGRAM UPFREEZ5Y — 04-03-1987
MflNVILLE HAUKE6AN, III PLAN^ WASTE PILE

««** YEARS TO UPFREEZE OBJECTS THRU COVER - PRELIMINARY RESULTS **««

OBJECTS HAVE (X - A) = 2.00 FT (EFFECTIVE PARTICLE SIZE, EPS.UF) STARTING AT
TOP OF HASTE PILE—BOTTOM OF COVER OF TOTAL THICKNESS = TCT

THERMAL LOAD FREEZE INDEX (F I ) : L06NORMAL W/ MEDIAN = 875 MEAN = 935 SD.LN=.365

HI = DEPTH OF COVER ABOVE OBJECT, STARTING AT H1=TCT EFT] — FINE-GRAINED SOIL
UNFROZEN DRY DENS.=100 PCF, WATER CONT.= 20,3* (80* SAT) KU=0.81
FROZEN DRY DENS. = 60 PCF, WATER CONT.= 6 1 .6 * C/L=.OOS2 L=5057 KF=1 .30

H3M = OBJECT LENGTH FOR MflX UPFREEZE, STARTING IN:
H3 = WASTE PILE OF SOIL-HAVING:

UNFROZEN DRY DENS.=!00 PCF, WATER CONT.= 20.3* (80* SAT) KU=0.81
FROZEN DRY DENS. = 60 PCF WATER CONT.= 6 1 .6 * C/L=.0062 L=5057 KF=1.30

BOTHtOVER AND WASTE PILE USE HEAVE STRfllN, S = 40*, 95* OF MAX L
HEAVE FRACTION NOT RECOVERED ON THAWING, F = 0.30,LAMBM*SQR:N-FACTOR] = .48 mvs) .00 (SD)

ESTIMATES USE MOD. BERGGREN EOL1. W/ KERSTEN KF'S AND + 0* - 25* ERROR IN KF'S
CORRELflTION COEFFICIENT BETWEEN K l .F AND K3.F, R1 .3=0.00

FPY = AVS YEARS TO FIRST FRCST PENETRATION TO DEPTH HI AND RETURN PERIOD
UP.YRS = ESTIMATED YEARS FOR OBJECT UPFREEZING FROM Hi (FOR HI PROPS IN H3) BUT

CORRECT UP.YRS FOR DIFFERENCE IN DELTA'S WHEN OBJECT IN H3.
CQNSERATIVE FOR ALL OBJECTS HAVING (X-A) < 1 .90 FT

FOR H1=TCT: UP.YRS IS AN ESTIMATE (f OR - CW) OF YEARS TO UPFREEZE THRU COVER
LBOND = 1 STANDARD DEVIATION LOWER BOUND (LB),

ABD = ABOND = ABSOLUTE LB FOR HEAVE STRAIN, UNRECOVER FACTOR AND EPS.UF
R100 = EST'ED RELIABILITY (PROBABILITY) UP.YRS EXCEEDS 100 YEARS

COVER THERMAL PROPERTIES IN H3 (R1.3=l ) WST'PILE
r i xHI
0 . 1
1
0.2
2
0.3
2
0.4
2
0.5
3
0.6
0.7
0.8
0.9
1 .0
1 . 1
1 .2
1 . 3
1 . 4
1 .5
1 . 6
1 .7
1 . 8
1 .9

,JtD*L/HT3 KIUJF.
TCAVGtCV* FPAVGO*

8 14

32 14

72 14

128 14

201 14

289 14
393 14
514 14
650 14
803 14
971 14

1156 14
1356 14
1573 14
1806 14
2055 14
2319 14
2600 14
2897 14

* 1 .000 0.0

<1 .000 0.0

*1 .000 0.0

*1 .000 0.0

*1 .000 0.0

.998 0.2
.981 1 .5
.9 17 5.8
.782 14 .0
.597 24.8
.406 36.6
.248 47 .8
. 138 57.7
.071 65.9
.034 72.6
. 0 1 6 78.0
.007 82.2
.003 85 .6
.001 B8.2

FPY

1
1
1
1
2
3
5
1 1
25
62

164
459

1332
3989

——— ——— TtHKS -
UP.YRS CV<

1

1

1

1

1

12
16
22
32
49
82

148
297
658

1600
4196

11659
33831

101359

1 0.

3 0.
4 0.

6 0.

9 0.

0.0
0.3
1 .3
4.2

10 .0
19 .0
30.4
42.5
54. 1
63.9
7 1 .7
77.8
82.3
85.8

LBOND
0

0
0

0

0

12
16
22
31
44
66

103
171
302
578

1 186
2592
5973

14353

ABD
1

3
4

6

9

3
3
3
4
4
5
5
5
6
6
7
7
8
8

KKUD. T
R100
0 0.00

1 0.00

1 0.00

2 0.00

2 0.00

0.00
0.00
0.00
0.00
0.00

1 1 .73
85.93
95.06
97.42
98.76
99.48
99.80
99.93

itMno
DELTA

4
5
7

12
22
43
90

207
515

1369
3822

1 1 104
33242

99.98 101814

ri TtHrca
H3M DELTA
1 .

2 .
2 .
2 .
3 .
.3
.3
.2
.2
.2
. 1
. 1
. 1
. 1
. 1
. 1
. 1
. 1
. 1

7

6

6

5

4

4
5
7

12
22
43
90

206
514

1364
3810

11068
33135

101489



C, i J.JJ3 Jt . IA«.' 3C. U OOV.J3 ?O3fC.J JU. O 7VOJ1 J ivu.vyv iv\'VViv_i .1 3JOioU
2.2 3884 1A .000 93.4 120001 305908(192.3*236266 9 1 0 0 . 0 0 3 1 7 9 3 0 1 . 1 3 1 6 9 8 6
9
2/3 4246 14 .000 9A. A 381516 972869493.6*624038 10 100 .00 * 10 159930 . 1 * 10 1
30630
2.4 4623 14 .000 95.3 *1219190 21675210 94.3 *1227600 10 100.00 *13733090 .4 4
385964
2.5 5016 14 .000 96.0 *3906034 30734730 94.7 *1635831 10 100.00 4385964 * 1 .9 4
385964



S=50< F=0.30

THERMAL AND UPFREEZING ANALYSIS ESTIMflTES - PROGRAM UPFREEZ5Y - 04-OB-1987
KANVILLE WAUKEGAN, ILL PLANT WASTE PILE

»***« YERRS TO UPFREEZE OBJECTS THRU COVER - PRELIMINARY RESULTS t***t*

OBJECTS HAVE (X - ft) = 2.00 FT (ELECTIVE PftRTICLE SIZE, EPS.UF) STARTING flT
TOP OF WASTE PILE-BOTTOM OF COVER OF TOTAL THICKNESS = TCT

THERMAL LOflD FREEZE INDEX (FI ) : LOSNORMAL «/ MEDIAN = 875 MEAN = 935 SD.LN=.365

HI = DEPTH OF COVER ABOVE OBJECT, STARTING flT H1=TCT EFT] - FINE-GRAINED SOIL
UNFROZEN DRY DENS.=100 PCF, HATER CONT.= 20.3X (BOX SflT) KU=0.81
FROZEN DRY DENS. = 50 PCF, HATER CONT.= 80.7< C/L=.0057 L=5523 KF=1.42

H3M = OBJECT LENGTH FOR MAX UPFREEZE, STflRTING IN:
H3 = HASTE PILE OF SOIL-HAVING:

UNFROZEN DRY DENS. =100 PCF, UATER CONT.= 20.3* (80* SflT) KU=0.81
FROZEN DRY DENS. = 50 PCF WATER CONL= B0.7X C/L=. 0057 L=5523 KF=1 .42

BOtfrCOVER AND WASTE PILE USE HEAVE STRAIN, S = 50*, 95* OF MAX L
HEAVE FRACTION NOT RECOVERED ON THAWING, F = 0.30,
LflKBDA*SOR[N-FACTDR] = .48 (AVG) .00 (SD)

ESTIMATES USE MOD. BERGGREN EQU. W/ KERSTEN KF'S AND + 0* - 25* ERROR IN KF'S
CORRELATION COEFFICIENT BETWEEN Kl .F AND K3.F, R1 .3=0.00

FPY = AVG YEARS TO FIRST FROST PENETRATION TO DEPTH HI AND RETURN PERIOD
UP.YRS = ESTIMATED YEARS FOR OBJECT UPFREEZING FROM HI (FOR HI PROPS IN H3) BUT

CORRECT UP.YRS FOR DIFFERENCE IN DELTA'S WHEN OBJECT IN H3.
CONSERATIVE FOR ALL OBJECTS HAVING (X-A) ( 1 .90 FT

FOR H1=TCT: UP.YRS IS AN ESTIMATE (+ OR - CW) OF YEflRS TO UPFREEZE THRU COVER
LBOND = 1 STANDARD DEVIATION LOWER BOUND (LB),

ABD = ABOND = ABSOLUTE LB FOR HEAVE STRAIN, UNRECOVER FflCTOR flND EPS.UF
R100 = EST'ED RELIABILITY (PROBABILITY) UP.YRS EXCEEDS 100 YEflRS

COVER THERMAL PROPERTIES IN H3 (R1.3=l) WST'PILE
r. UCO*LIHT3 FKUB. ——
Hl̂ CAVGO* FPAVGJCV* FPY
0.1
1
0.2
1
0.3
2
0.4
2
0.5
3
0.6
0.7
0.8
0.9
1 .0
1 . 1
1 .2
1 .3
1 .4
1 .5
1 .6
1 .7
1 .8
1 .9

9 14
37 14

83 14

148 14

231 14

333 14
453 14
592 14
749 14
925 14

1 1 19 14
1332 14
1563 14
1813 14
2081 14
2368 14
2673 14
2997 14
3333 14

*1.000 0.

*1.000 0.

* 1 .000 0.

<1 .000 0.

<1.000 0.

.994 0.5

.956 3.3
.846 10.2
.663 21 .0
.454 33.5
.275 45.7
. 149 56.6
.073 65.6
.033 72.8
.0 14 78.5
.006 82.9
.002 86.3
.001 89 .0
.000 9 1 . 1

0
0

0

c
0

111
2
2
5

10
24
64

182
552

1747
5714

19136

—————— TtHIW "
UP.YRS CV*

1
1
1

1

1
11
15
22
34
57

105
218
509

1328
3775

1 1433
36308

1 1 9 14 1
400277

1 0.

2 0.

4 0.

6 0.

8 0.

0 . 1
0.7
2.8
7.8

16 .5
28. 1
41 .2
53.7
64.3
72.6
78.8
83.4
86.8
89.5

LBOND
0

0

0

0

0

11
15
22
31
48
76

128
236
474

1035
2428
6031

15670
42144

ABD
1
2
4

6

8

2
2
3
3
3
4
4
4
5
5
5
6
6
6

KKUB. > TtHKS
R100 DELTA
0 0.
1 0.

1 0.

00
00
00

1 0.00

2 0.00
0.00
0.00
0.00
0.00
0.00

56.99
91.33
96.40
98.44
93.40
99.79
93.93
93.98
99.99

4
5
8

15
31
66

159
424

1214
3680

11648
38090

127576
434695

AA 1 AOOT'

ri TtHna
H3« DELTA
1 .

I .

2 .

2 .

3 .
.3
.2
.2
.2
. 1
. 1
. 1
. 1
. 1
. 1
. 1
. 1
. 1
. 1

•if

1
6

5
4

4

3
5
8

15
31
66

159
422

1209
3666

11605
37949

1271 1 1
433147

\ \ L n->c->



f
2 . 1 4 0 7 9 1 4 . 0 0 0 9 4 . 0 2 2 4 8 0 9 47 1937693 . 1 * 3279 19 7 100 .005206050 . 1 5 18858
2
2.2 4476 14 .000 95.0 780906 12701350 94 . 1 X753296 7 100.00 X10757900 .4 X10B
94860
2.3 4893 14 .000 95.8 X2723563 19834690 94.5 X1035091 8 100.00 3508771 XL 9 3
508771
2.4 5327 14 .000 93.5 X5166669 23343460 94.5 X1281440 8 100.00 3508771 X I .9 3
506771
2.5 5780 14 .000 82.1 X5491672 26852230 93.6 X1708770 8 100.00 3508771 «.9 3
508771

UPFREEZ5 RW COMPLETE



•*«tHWt«t*««««M««« PROGRAM UPFREEZ5Y ««*«*««*»«*««««****
SflVED UNDER FILE NOME: UPF1-5Y DflTE: 04-08-1987

TIME: 12 : 1 1 :41
PROBABILISTIC GEOTECHNICflL THERMAL ANALYSIS

1-LAYER FINE-6RflINED COVER SYSTEM

MODIFIED BERGGREN EQUATION WITH KERSTEN K'S

PROPERTIES OF COVER

COVER LflYER DRY DENSITY=100 PCF, UflTER CONTENT =20.3* (80t SflT) 100* S=25.4*
AVERAGE HEftVE STRflIN = 1« TO 5W
FRflCTION OF HEftVE NOT RECOVERED ON THAWING (R) = 0 . 10 TO 0.50
LAMBDA*SQR[N-FACTOR]: flV6=0.48; SD=0.00
(COVER flND HASTE PILE USE THE SAME VALUES)

PROPERTIES OF WASTE PILE

FtoT-GRAINED SOIL
UNFROZEN DRY DENSITY = 100. [PCF], WATER CONTENT = 20* (80* SflT) 100* S=25.4*
AVERAGE HEftVE STRAIN = 1« TO 50*
FRACTION OF HEAVE NOT RECOVERED ON THAWING (R) = 0 . 10 TO 0.50

THERMAL LOAD INFORMATION

FREEZE INDEX (FI) FOR WAUKEKBAN ASSUMED L06NORMAL WITH NEflN I STANDARD DEVIATION
FROM HISTORICAL DATfl 1949-50 TO 1984-85 EXCEPT 1982-83 (TOTAL = 35 YEARS)
L06NORMAL FREEZE INDEX (THERMflL LOAD): MEAN=848, MEDIAN=800, SD=320, CV'^0.378,

SDLLN FI]=0.365, SKEWNESS=1.277 HOWEVER:
CONSERVATIVE L06NORMAL ENVELOPE USED FOR FREEZE INDEX: MEDIflN = 875, MEAN = 935

SD[LN FI] =0.365
ALL YEARS HAVE HISTORICAL FI FREQUENCY <= FQRCASTED (PREDICTED) PROBABILITIES

(1983-84 EFI=1200] LIES ON THE ENVELOPE ALL OTHER YEflRS ORE BELOW)

OBJECT UPFREEZING INFORMflTION-EQUATION:
UPFREEZING ASSUMPTIONS:
EFFECTIVE PARTICLE SIZE (X - fl) IS EPS.UF = 0 . 10
AVERAGE HEflVE STRflIN (S) = 10 < TO 50 % ~~
FRACTION OF HEftVE NOT RECOVERED ON THAWING (R) = 0 . 10 TO 0.50
EFFECTIVE NUMBER OF COMPLETE FREEZE THflW CYCLES (C) = NUMBER OF FREEZE SEASONS

(YEflRS) * P.H3
•NOTE: BOTH C AND P.H3 ARE DEPTH DEPENDENT



S=10* F=0.10

THERMAL AND UPFREEZING ANALYSIS ESTIMATES - PROGRAM UPFREEZ5Y - 04-08-1987
MflNVILLE HAUKEBAN, ILL PLflNT HftSTE PILE

****** YEflRS TO UPFREEZE OBJECTS THRU COVER — PRELIHINflRY RESULTS

OBJECTS HAVE (X - A) = 0 . 10 FT (EFFECTIVE PARTICLE SIZE, EPS.UF) STORTING flT
TOP OF HASTE PILE-BOTTOM OF COVER OF TOTflL THICKNESS = TCT
THERMAL LOAD FREEZE INDEX (FI ) : LOGNORMAL U/ MEDIAN = 875 MEftN = 935 SD.LN=.365

HI = DEPTH OF COVER flBOVE OBJECT, STflRTING flT H1=TCT [FT] - FINE-GRAINED SOIL
UNFROZEN DRY DENS. =100 PCF, HflTER CONT.= 20.3* (80* SAT) KU=0.81
FROZEN DRY DENS. = 90 PCF, HflTER CONT.= 29.7* C/L=.OOfl5 L=3658 KF=1.15

H3M = OBJECT LENGTH FOR MAX UPFREEZE, STflRTING IN:
H3 = WflSTE PILE OF SOIL-HAVING:

UNFROZEN DRY DENS. =100 PCF, HflTER CONT.= 20.3* (80* SftT) KU=0.fll
FROZEN DRY DENS. = 90 PCF HflTER COKT.= 29.7* C/L=. 0085 L=3658 KF=1 . 15

BOtfrtOVER flND HASTE PILE USE HEflVE STRflIN, S = 10*, 95* OF MflX L
HEAVE FRflCTION NOT RECOVERED ON THflUING, F = 0. 10,
LAMBDA*SQR[N-FACTOR] = .A8 (RVG) .00 (SD)

ESTINflTES USE MOD. BERGGREN EQU. U/ KERSTEN KF'S flND * 0* - 25* ERROR IN KF'S
CORRELATION COEFFICIENT BETWEEN Kl.F flND K3.F, R1.3=0.00
FPY = flVG YEflRS TO FIRST FROST PENETRflTION TO DEPTH HI flND RETURN PERIOD
UP.YRS = ESTIMflTED YEflRS FOR OBJECT UPFREEZING FROM HI (FOR HI PROPS IN H3) BUT

CORRECT UP.YRS FOR DIFFERENCE IN DELTfl'S HHEN OBJECT IN H3.
CONSERflTIVE FOR flLL OBJECTS HAVING (X-fl) < 0.10 FT

FOR H1=TCT: UP.YRS IS AN ESTIMATE (+ OR - CVX) OF YEARS TO UPFREEZE THRU COVER
LBOKD = 1 STftNDARD DEVIflTION LOWER BOUND (LB),

ABD = ABOND = ABSOLUTE LB FOR HEAVE STRAIN, UNRECOVER FACTOR AND EPS.UF
R100 = EST'ED RELIABILITY (PROBABILITY) UP.YRS EXCEEDS 100 YEflRS

COVER THERMAL PROPERTIES IN H3 (R1.3=l > WST'PILE
R DEG«DAYS PROB. ————— YEARS ————— PROB.X YEARS FT YEARS
HI ^TCflVGtCVX FPflVGtCV* FPY UP.YRS CV< LBOND ABD R100 DELTfl H3« DELTA
1 .0 408 1A .976 1.9 1 1007 0.2 1005* 1000100.00 1 0 8 . 1 10
8
1 . 1 4 9 3 1 4 . 9 3 1 4.9 1 1120 0.5 1 1 15 < 1 100 100.00 1 1 9 . 1 11
9
1 .2 5 8 7 1 4 . 8 5 1 9.9 1 1249 1.2 1234 < 1200 100.00 1 4 0 . 1 14
0
1 .3 6 8 9 1 4 . 7 3 7 1 6 . 7 1 1408 2.6 1371 * 1300100.00 177 . 1 17
7
1 .4 7 9 9 1 4 . 6 0 1 2 4 . 6 2 1617 5.0 1536* 1400100.00 2 4 2 . 1 24
2
1 .5 9 1 7 1 4 . 4 6 3 3 2 . 9 2 1917 8.9 1747* 1500100.00 357 . 1 35
7
1 .6 1 0 4 4 1 4 . 3 3 7 4 1 . 2 4 2378 14 . 5 2033 * 1600100.00 5 6 4 . 1 56
4
1.7 1 178 14 .233 49.0 6 3134 22.1 2440 *1700 100.00 948 .1 94
6
1 .8 1 3 2 1 1 4 . 1 5 4 5 6 . 1 9 444731 .4 3050*1800100.00 1677 . 1 167
5
1 .9 1 4 7 2 1 4 . 0 9 7 6 2 . 3 17 684041 .5 4004* 1900100 .00 3 1 0 9 . 1 3 10
4
2.0 1 6 3 0 1 4 . 0 5 9 6 7 . 8 31 1 1 3 8 9 5 1 . 2 5556*2000100.00 5 9 8 9 . 1 598
0
2. 1 1 7 9 8 1 4 . 0 3 5 7 2 . 4 60 2034759 .9 8 166X2100100 .00 1 1 9 2 7 . 1 1190
9



V
£.3 2156 14 .0 1 1 79.8 244 76316 72.8 20749 <2300 100.00 51171 .1 5108e
2.4 2348 14 .00682 .6 512 156564 77.4 35422 Z2400 100.00 109325. 1 10914
5
2.5 2 5 4 8 1 4 . 0 0 3 8 5 . 0 1093 329899 81 .0 62679 K500 100.00 237345 . 1 23695
5



S=l« F=0.20

THERMAL AND UPFREEZING flNflLYSIS ESTIMATES - PROGRAM UPFREEZ5Y — 04-08-1987
MANVILLE WAUKE6AN, ILL PLflNT WflSTE PILE

*»»« YEflRS TO UPFREEZE OBJECTS THRU COVER - PRELIMINflRY RESULTS *«»*

OBJECTS HftVE (X - fl) = 0. 10 FT (EFFECTIVE PflRTICLE SIZE, EPS.UF) STORTING flT
TOP OF UflSTE PILE-BOTTOM OF COVER OF TOTAL THICKNESS = TCT

THERMflL LOftD FREEZE INDEX (FI): LOGNORMftL «/ MEDIAN = 875 MEAN = 935 SD.LN=.365

HI = DEPTH OF COVER ftBOVE OBJECT, STflRTING flT H1=TCT CFT] - FINE-GRfllNED SOIL
UNFROZEN DRY DENS. =100 PCF, HATER CONT.= 20.3< <BM SflT) KU=0.81
FROZEN DRY DENS. = 90 PCF, WATER CONT.= 29.7* C/L=.0085 L=3658 KF=1.15

H3M = OBJECT LENGTH FOR MAX UPFREEZE, STflRTING IN:
H3 = WflSTE PILE OF SOIL-HAVING:

UNFROZEN DRY DENS. =100 PCF, HflTER CONT.= 20.3* (BW SflT) KU=0.81
FROZEN DRY DENS. = 90 PCF WflTER CONT.= 29.7% C/L=. 0085 L=3658 KF=1.15

BOtfltOVER ftND WflSTE PILE USE HEPVE STRflIN, S = 1W, 95* OF MflX L
HEAVE FRACTION NOT RECOVERED ON THflWING, F = 0.20,
LAKBDfl*SQR:N-FflCTOR] = .48 (AV6) .00 (SD)

ESTIMATES USE MOD. BERGGREN EQU. «/ KERSTEN KF'S AND + W - 25% ERROR IN KF'3
CORRELATION COEFFICIENT BETWEEN Kl .F AND K3.F, R1.3=0.00

FPY = AVG YEflRS TO FIRST FROST PENETRflTION TO DEPTH HI flND RETURN PERIOD
UP.YRS = ESTIMATED YEARS FOR OBJECT UPFREEZING FROM HI (FOR HI PROPS IN H3) BUT

CORRECT UP.YRS FOR DIFFERENCE IN DELTfl'S WHEN OBJECT IN H3.
CONSERflTIVE FOR ALL OBJECTS HAVING (X-A) ( 0 . 10 FT

FOR H1=TCT: UP. YRS IS AN ESTIMATE (+ OR - CW) OF YEARS TO UPFREEZE THRU COVER
LBOND = 1 STANDARD DEVIATION LOWER BOUND (LB),

ABD = ABOND = ABSOLUTE LB FOR HEAVE STRAIN, UNRECOVER FACTOR flND EPS.UF
R100 = EST'ED RELIABILITY (PROBABILITY) UP.YRS EXCEEDS 100 YEflRS

COVER THERMflL PROPERTIES IN H3 (R1.3=l) WST'PILE
r tHI"""
1 .01 . 1
1 .2
1 .3
1 .4
1 .5
1 .6
1 .7
1 .8
1 .9
2.0
0
2.1
4
2.2
0
2.3
4
2.4
3
2.5
7

i/tDTTi/n 1 3 rnUD. ——
TCAVGtCW FPAVGiCV*

408
493
587
689
799
917

1044
1178
1321
1472
1630

1798

1973
2156

2348

2548

14
14
14
14
14
14
14
14
14
14
14

14

14

14

14

14

.976

.931

.851

.737

.601

.463

.337

.233

. 154

.097

.059

.035

.020

.011

.006

.003

1 .9
4.9
9.9

16.7
24.6
32.9
41 .2
49.0
56.1
62.3
67.8

72.4

76.4
79.8

82.6

85.0

FPY
1
1
1
1
2
2
4
6
9

17
31

60
1 19
244

512
1093

- i L.HRD
UP.YRS

503
560
625
704
809
959

1189
1567
2223
3420
5694

10173

19260

38158

78282

164950

CV*
0.2
0.5
1 .2
2.6
5.0
8.9

14 .5
22.1
3 1 .4
41 .5
51 .2

59.9

67.1

72.8

77.4

81 .0

LBOND
503
557
617
685
768
874

1016
1220
1525
2002
2778

4083

6346

10374

17711

31339

—— rnuo. f
ABD R100
500 100.00
550 100.00
600 100.00
650 100.00
700 100.00
750 100.00
BOO 100.00
850 100.00
900 100.00
950 100.00
*1000 100.00

X1050 100.00

*1100 100.00

>1150 100.00

<1200 100.00

<1250 100.00

icHna r i
DELTA H3M

54 .1
59 .1
70 .1
88 .1

121 .1
179 .1
282 . 1
474 .1
839 .1

1554 .1
2995 .1

5964 .1
12210 .1
25586 .1

54663 .1

118673 . 1

ICHnO
DELTA

54
59
70
8fl

121
179
282
473
838

1552
299

595

1219

2554

5457

11847



S=1W F=0.30

THERMAL AND UPFREEZING flNflLYSIS ESTIMATES - PROGRAM UPFREEZ5Y - 04-08-1387
MANVILLE HAUKE6AN, ILL PLANT HASTE PILE

«»»* YEARS TO UPFREEZE OBJECTS THRU COVER - PRELIMINARY RESULTS *«*«

OBJECTS HAVE (X - A) = 0 . 10 FT (EFFECTIVE PARTICLE SIZE, EPS.UF) STARTING AT
TOP OF WASTE PILE-BOTTOM OF COVER OF TOTAL THICKNESS = TCT

THERMAL LOAD FREEZE INDEX (FI) : L06NORMAL H/ MEDIAN = 875 MEAN = 935 SD.LN=.365

HI = DEPTH OF COVER ABOVE OBJECT, STARTING AT H1=TCT [FT] - FINE-GRAINED SOIL
UNFROZEN DRY DENS.=100 PCF, MATER CONT.= 20.3% (80* SAT) KU=0.81
FROZEN DRY DENS. = 90 PCF, UATER CONT.= 29.7* C/L=.OOB5 L=3658 KF=1 . 15

H3M = OBJECT LENGTH FOR MAX UPFREEZE, STARTING IN:
H3 = HASTE PILE OF SOIL—HAVING:

UNFROZEN DRY DENS. =100 PCF, HATER CONT.= 20.3< (80* SAT) KIH3.81
FROZEN DRY DENS. = 90 PCF HATER CONT.= 29.7% C/L=. 0085 L=3658 KF=1 . 15

BOt>rCOVER AND HASTE PILE USE HEAVE STRAIN, S = 1W, 95< OF MAX L
HEAVE FRACTION NOT RECOVERED ON THAWING, F = 0.30,
LAMBDA*SQR[N-FACTOR] = .48 (AVG) .00 (SD)

ESTIMATES USE MOD. BERGGREN EQU. H/ KERSTEN KF'S AND + 0* - 25* ERROR IN KF'S
CORRELATION COEFFICIENT BETHEEN Kl .F AND K3.F, R1.3=0.00

FPY = AVG YEARS TO FIRST FROST PENETRATION TO DEPTH HI AND RETURN PERIOD
UP.YRS = ESTIMATED YEARS FOR OBJECT UPFREEZIN6 FROM HI (FOR HI PROPS IN H3> BUT

CORRECT UP.YRS FOR DIFFERENCE IN DELTA'S HHEN OBJECT IN H3.
CONSERATIVE FOR ALL OBJECTS HAVING (X-A) ( 0 . 10 FT

FOR H1=TCT: UP.YRS IS AN ESTIMATE 1+ OR - CV%) OF YEARS TO UPFREEZE THRU COVER
LBOND = 1 STANDARD DEVIATION LOHER BOUND (LB),

ABD = ABOND = ABSOLUTE LB FOR HEAVE STRAIN, UNRECOVER FACTOR AND EPS.UF
R100 = EST'ED RELIABILITY (PROBABILITY) UP.YRS EXCEEDS 100 YEARS

COVER THERMAL PROPERTIES IN H3 (R1.3=l ) HST'PILE
n JtDTUMIO KRUD. ———
HI "YCAVGiCVX FPAVG4CV*
1 .0
1.1
1 .2
1 .3
1 .4
1 .5
1 .6
1 .7
1 .8
1 .9
2.0
2.1
2.2
2.3
2.4
2.5

408 14
493 14
587 14
689 14
799 14
917 14

1044 14
1 178 14
1321 14
1472 14
1630 14
1798 14
1973 14
2156 14
2348 14
2548 14

.976
.931
.851
.737
.601
.463
.337
.233
.154
.097
.059
.035
.020
.011
.006
.003

1 .9
4.9
9.9

16.7
24.6
32.9
41 .2
49.0
56.1
62.3
67.8
72.4
76.4
79.8
82.6
85.0

FPY
1
1
1
1
2
2
4
6
9

17
31
60

1 19
244
512

1093

TLnlw " . . - - - .
UP.YRS

336
373
416
469
539
639
793

1045
1482
2280
3796
6782

12840
25439
52168

109966

CVX
0.2
0.5
1 .2
2.6
5.0
8.9

14 .5
22.1
3 1 .4
41 .5
5 1 .2
59.9
67. 1
72.8
77.4
8 1 .0

LBOND ABD
335 333
372 367
411 400
457 433
512 467
582 500
678 533
813 567

1017 600
1335 633
1852 667
2722 700
4231 733
6916 767

11807 800
20893 833

KrtUD. »
R100
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00

iLHna
DELTA

36
40
47
59
81

1 19
IBS
316
559

1036
19%
3976
8140

17057
36442
79115

r i
H3M
. 1
. 1
. 1
. 1
. 1
. 1
. 1
. 1
. 1
. 1
. 1
. 1
. 1
. 1
. 1
. 1

TtHKS
DELTA

36
40
47
59
81

1 19
188
315
558

1035
1993
3970
8127

17029
36382
78985



S=10< F=0.40

THERMAL AND UPFREEZING ANALYSIS ESTIMATES - PROGRAM UPFREEZ5Y - 04-08-1987
MANVILLE WAUKEGAN, ILL PLANT WASTE PILE

****** YEARS TO UPFREEZE OBJECTS THRU COVER - PRELIMINARY RESULTS ******

OBJECTS HAVE (X - A) = 0 . 10 FT (EFFECTIVE PARTICLE SIZE, EPS.UF) STARTING AT
TOP OF HASTE PILE-BOTTOM OF COVER OF TOTAL THICKNESS = TCT

THERMAL LOAD FREEZE INDEX <FI > : LOGNORMAL W/ MEDIAN = 875 MEAN = 935 SD.LN=,365

HI = DEPTH OF COVER ABOVE OBJECT, STARTING AT H1=TCT [FT] — FINE-GRAINED SOIL
UNFROZEN DRY DENS. =100 PCF, HATER CONT.= 20.3* (8W SAT) KU=0.81
FROZEN DRY DENS. = 90 PCF, WATER CONT.= 29.7% C/L=. 0085 L=3658 KF=1 . 15

H3« = OBJECT LENGTH FOR MAX UPFREEZE, STARTING IN:
H3 = WASTE PILE OF SOIL-HAVING:

UNFROZEN DRY DENS. =100 PCF, WATER CONT.= 20.3% (8<W SAT) KU=0.81
FROZEN DRY DENS. = 90 PCF WATER CONT.= 29.7* C/L=. 0085 L=3658 KF=1.15

BOtfrtOVER AND HASTE PILE USE HEAVE STRAIN, S = 1W, 95* OF MAX L
HEAVE FRACTION NOT RECOVERED ON THAWING, F = 0.40,
LAMBDA*SQR[N-FACTOR] = .48 (AV6) .00 <SD)

ESTIMATES USE MOD. BERGGREN EOU. H/ KERSTEN KF'S AND + 0* - 25* ERROR IN KF'S
CORRELATION COEFFICIENT BETWEEN Kl.F AND K3.F, R1.3=0.00

FPY = AV6 YEARS TO FIRST FROST PENETRATION TO DEPTH HI AND RETURN PERIOD
UP.YRS = ESTIMATED YEARS FOR OBJECT UPFREEZING FROM HI (FOR HI PROPS IN H3) BUT

CORRECT UP.YRS FOR DIFFERENCE IN DELTA'S WHEN OBJECT IN H3.
CONSERATIVE FOR ALL OBJECTS HAVING (X-A) < 0 . 10 FT

FOR H1=TCT: UP.YRS IS AN ESTIMATE (+ OR - CVO OF YEARS TO UPFREEZE THRU COVER
LBOND = 1 STANDARD DEVIATION LOWER BOUND (LB),

ABD = ABOND = ABSOLUTE LB FOR HEAVE STRAIN, UNRECOVER FACTOR AND EPS.UF
R100 = EST'ED RELIABILITY (PROBABILITY) UP.YRS EXCEEDS 100 YEARS

COVER THERMAL PROPERTIES IN H3 (R1.3=l ) WST'PILE
r i i/to»im i a r nuo.
Hl^TCAVGtCVX FPAVGICV*
1 .0
1 . 1
1 .2
1 .3
1 .4
1 .5
1 .6
1 .7
1 .8
1 .9
2.0
2. 1
2.2
2.3
2.4
2.5

408 14
493 14
587 14
689 14
799 14
917 14

1044 14
1178 14
1321 14
1472 14
1630 14
1798 14
1973 14
2156 14
2348 14
2548 14

.976
.931
.851
.737
.601
.463
.337
.233
. 154
.097
.059
.035
.020
.011
.006
.003

1 .9
4.9
9.9

16.7
24.6
32.9
41 .2
49.0
56.1
62.3
67.8
72.4
76.4
79.8
82.6
85.0

FPY
1
1
1
1
2
2
4
6
9

17
31
60

1 19
244
512

10S3

——— ICHKJ •
UP.YRS CV*

252
280
312
352
404
479
595
784

1 1 12
1710
2647
5087
9630

19079
39141
82475

0.2
0.5
1 .2
2.6
5.0
8.9

14 .5
22.1
3 1 .4
4 1 .5
5 1 .2
59.9
67. 1
72.8
77.4
81 .0

LBOND ABD
251 250
279 275
309 300
343 325
384 350
437 375
508 400
610 425
763 450

1001 475
1389 500
2042 525
3173 550
5187 575
8855 600

15670 625

KKUD. >
R100
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00

i tuna
DELTA

27
30
35
44
61
89

141
237
419
777

1497
2982
6105

12793
27331
59336

r i
H3M
. 1
.1
. 1
. 1
.1
.1
. 1
. 1
. 1
. 1
. 1
.1
. 1
.1
. 1
.1

TtHKS
DELTA

27
30
35
44
61
89

141
237
419
776

1495
2977
6095

12772
27286
59239



S=10* F=0.50

THERMAL AND UPFREE2IN6 ANALYSIS ESTIMATES — PROGRAM UPFREEZ5Y — 04-08-1387
MANVILLE HAUKE6AN, III PLANT HASTE PILE

*«*» YEARS TO UPFREEZE OBJECTS THRU COVER — PRELIMINARY RESULTS **t***

OBJECTS HflVE (X - A) = 0 . 10 FT (EFFECTIVE PARTICLE SIZE, EPS.UF) STARTING AT
TOP OF HASTE PILE-BOTTOM OF COVER OF TOTAL THICKNESS = TCT

THERMAL LOAD FREEZE INDEX (FI ) : LOGNORMAL H/ MEDIAN = 875 MEAN = 935 SD.LN=.365

HI = DEPTH OF COVER ABOVE OBJECT, STARTING AT H1=TCT [FT] - FINE-GRAINED SOIL
UNFROZEN DRY DENS. =100 PCF, HATER CONT.= 20.3* (80* SAT) KU=0.81
FROZEN DRY DENS. = 90 PCF, HATER CONT.= 29.7* C/L=.0085 L=3658 KF=1 . 15

H3M = OBJECT LENGTH FOR MAX UPFREEZE, STARTING IN:
H3 = WASTE PILE OF SOIL-HAVING:

UNFROZEN DRY DENS. =100 PCF, HATER CONT.= 20.3* (8W SAT) KU=0.81
FROZEN DRY DENS. = 90 PCF HATER CONT.= 29.7* C/L=. 0085 L=3658 KF=1.15

BOlTrCOVER AND HASTE PILE USE HEAVE STRAIN, S = 10*, 95* OF MAX L
HEAVE FRACTION NOT RECOVERED ON THAWING, F = 0.50,
LAMBDA*SQR[N-FACTOR] = .48 (RV6) .00 (SD)

ESTIMATES USE MOD. BERGGREN EQU. H/ KERSTEN KF'S AND + 0* - 25* ERROR IN KF'S
CORRELATION COEFFICIENT BETWEEN Kl .F AND K3.F, Rl.3=0.00

FPY = AVG YEARS TO FIRST FROST PENETRATION TO DEPTH HI AND RETURN PERIOD
UP.YRS = ESTIMATED YEARS FOR OBJECT UPFREEZIN6 FROM HI (FOR HI PROPS IN H3) BUT

CORRECT UP.YRS FOR DIFFERENCE IN DELTfl'S HHEN OBJECT IN H3.
CONSERflTIVE FOR ALL OBJECTS HAVING (X-fl) < 0 . 10 FT

FOR H1=TCT: UP.YRS IS AN ESTIMATE (+ OR - CV*) OF YEARS TO UPFREEZE THRU COVER
LBOND = 1 STBNDflRD DEVIATION LOWER BOUND (LB),

ABD = ABOND = ABSOLUTE LB FOR HEAVE STRAIN, UNRECOVER FACTOR AND EPS.UF
R100 = EST'ED RELIflBILITY (PROBABILITY) UP.YRS EXCEEDS 100 YEARS

COVER THERMAL PROPERTIES IN H3 (R1.3=l) HST'PILE
r i UCB^UH i a r nuo. ———
Hlx~TtAVGtCV< FPAVG4CV*
1 .0
1 . 1
1 .2
1 .3
1 .4
1 .5
1 .6
1 .7
1 .8
1 .9
2.0
2. 1
2.2
2.3
2.4
2.5

408 14
493 14
587 14
£89 14
799 14
917 14

1044 14
1178 14
1321 14
1472 14
1630 14
1798 14
1973 14
2156 14
2348 14
2548 14

.976

.931

.851
.737
.601
.463
.337
.233
. 154
.097
.059
.035
.020
.01 1
.006
.003

1 .9
4.9
9.9

16.7
24.6
32.9
41 .2
49.0
56.1
62.3
67.8
72.4
76.4
79.8
82.6
85.0

FPY
1
1
1
1
2
2
4
6
9

17
31
60

1 19
244
512

1093

————— ICMrtJ ——————————
UP.YRS

201
224
250
282
323
383
476
627
889

1368
2278
4069
7704

15263
31313
65980

CV*
0.2
0.5
1 .2
2.6
5.0
8.9

14.5
22.1
3 1 .4
41 .5
51 .2
59.9
67.1
72.8
77.4
81 .0

LBOND ABD
201 200
223 220
247 240
274 260
307 280
349 300
407 320
486 340
610 360
801 380

111 1 400
1633 420
2538 440
4150 460
7084 480

12536 500

rnuD. f
R100
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00

Tcrma
DELTA

22
24
28
35
48
71

1 13
190
335
622

1198
2385
4884

10234
21865
47469

r i
H3M
. 1
. 1
. 1
. 1
. 1
. 1
. 1
. 1
. 1
. 1
. 1
. 1
. 1
. 1
. 1
. 1

TCHR3
DELTA

22
24
28
35
48
71

1 13
189
335
621
11%
2382
4876

10218
21829
47391



S=2W F=0.10

THERMAL flND UPFREEZING ANALYSIS ESTIMATES - PROGRAM UPFREEZ5Y — 04-08-1987
MflNVILLE UAUKEGAN, ILL PLANT WASTE PILE

«**« YEARS TO UPFREEZE OBJECTS THRU COVER - PRELIMINARY RESULTS «t*«

OBJECTS HAVE (X - A) = 0.10 FT (EFFECTIVE PARTICLE SIZE, EPS.UF) STARTING AT
TOP OF HASTE PILE-BOTTOM OF COVER OF TOTAL THICKNESS = TCT

THERMAL LOAD FREEZE INDEX (FI) : L06NORMAL H/ MEDIAN = 875 MEAN = 935 SD.IJK3&5

HI = DEPTH OF COVER ABOVE OBJECT, STARTING AT H1=TCT [FT] - FINE-GRAINED SOIL
UNFROZEN DRY DENS. =100 PCF, WATER CONT.= 20.3* <8W SAT) KU=0.81
FROZEN DRY DENS. = 80 PCF, WATER CONT.= 37.7* C/L=.0076 L=4124 KF=1 . 18

H3M = OBJECT LENGTH FOR MAX UPFREEZE, STARTING IN:
H3 = HASTE PILE OF SOIL-HAVING:

UNFROZEN DRY DENS. =100 PCF, HATER CONT.= 20.3< (80* SAT) KU=0.81
FROZEN DRY DENS. = 80 PCF HATER CONT.= 37.7* C/L=. 0076 L=4124 KF=1.18

BOtrtOVER AND HASTE PILE USE HEAVE STRAIN, S = 2W, 95* OF MAX L
HEflVE FRACTION NOT RECOVERED ON THAUING, F = 0.10,
LAMBDAtSQREN-FACTORl = .48 (flVG) .00 <SD)

ESTIMATES USE MOD. BER6GREN EQU. H/ KERSTEN KF'S AND + 0* - 25* ERROR IN KF'S
CORRELATION COEFFICIENT BETWEEN Kl .F AND K3.F, R 1.3=0.00

FPY = AV6 YEARS TO FIRST FROST PENETRATION TO DEPTH HI AND RETURN PERIOD
UP.YRS = ESTIMATED YEARS FOR OBJECT UPFREEZING FROM HI (FOR HI PROPS IN H3) BUT

CORRECT UP.YRS FOR DIFFERENCE IN DELTA'S WHEN OBJECT IN H3.
CONSERATIVE FOR ALL OBJECTS HAVING (X-fl) < 0 . 10 R

FOR H1=TCT: UP.YRS IS AN ESTIMATE (+ OR - CW OF YEARS TO UPFREEZE THRU COVER
LBOND = 1 STANDARD DEVIATION LOWER BOUND (LB),

ABD = ABOND = ABSOLUTE LB FOR HEAVE STRAIN, UNRECOVER FACTOR AND EPS.UF
R100 = ESP ED RELIABILITY (PROBABILITY) UP.YRS EXCEEDS 100 YEARS

COVER THERMAL PROPERTIES IN H3 (R1.3=l) UST'PILE
r \ ^ uto»UMio Knuo. —————— Torino ————
HI "fCAVGtCV* FPAVGKVX
1 .0
1 . 1
1 .2
1 .3
1 .4
1.5
1 .6
1 .7
1 .8
1 .9
2.0
4
2.1
5
2.2
7
2.3
3
2.4
7%
2.5
980

533
645
767
900

1044
1199
1364
1540
1726
1923
2131

2350

2579

2818

3069

3330

14
14
14
14
14
14
14
14
14
14
14

14

14

14

14

14

.901
.789
.640
.482
.336
.220
.135
.079
.044
.024
.012

.006

.003

.001

.001

.000

6.8
13.6
22.3
31 .8
41 .3
50.1
58.0
64.8
70.5
75.4
79.4

82.6

85.4

87.6

89.5

9 1 .0

FPY
1
1
2
2
4
6
11
22
45
98

221

515

1229

2991

7402

18555

UP.YRS
515
589
687
835

1076
1507
2331
4007
7593

15583
33992

77579

183072

442906

1091838

2730138

CV*
0.8
2.0
4.4
8.6

15 . 1
24.2
35.2
46.7
57.1
65.7
72.4

77.6

81 .6

84.8

87.2

89.2

LBOND
511
577
657
763
913

1142
1510
2137
3259
5346
9368

17356

33628

67496

—— rnuo. » Terms ri
ABD R100 DELTA H3M
500 100.00
550 100.00
600 100.00
650 100.00
700 100.00
750 100.00
800 100.00
850 100.00
900 100.00

65 .1
82 .1

116 .1
179 .1
304 .
557 .

1091 .
2262 .
4909 .

950 100.00 11070 .1
Z1000 100.00

<1050 100.00

*1100 100.00

*1150 100.00

*139275 *1200 100.00

5(293729 <1250 100.00

25749 .1

61427 . 1

149558 .1

370111 . 1

927752 .

2348848 .

Terms
DELTA

65
82

1 15
179
303
556

1090
2258
4899

11046
2569

6129

14923

36932

1 925

1 2343



S=20X F=0.20

THERMflL flND UPFREEZIN6 flNflLYSIS ESTIMflTES - PROGRAM UPFREEZ5Y — 04-08-1987
HflNVILLE HflUKEGflN, ILL PLflNT WASTE PILE

****« YEflRS TO UPFREEZE OBJECTS THRU COVER - PRELIMINflRY RESULTS

OBJECTS HflVE (X - fl) = 0. 10 FT (EFFECTIVE PflRTICLE SIZE, EPS.UF) STflRTING flT
TOP OF WflSTE PILE-BOTTOM OF COVER OF TOTftL THICKNESS = TCT

THERMAL LOflD FREEZE INDEX <FI ) : LOGNORHflL H/ MEDIflN = 675 MEAN = 935 SD.LN=.365
HI = DEPTH OF COVER flBOVE OBJECT, STflRTING flT H1=TCT [FT] - FINE-GRfllNED SOIL

UNFROZEN DRY DENS. =100 PCF, WATER CONT.= 20.3* (80< SflT) KU=0.81
FROZEN DRY DENS. = 80 PCF, UflTER CONT.= 37.7X C/L=.0076 L=4124 KF=1 . 1B

H3« = OBJECT LENGTH FOR MAX UPFREEZE, STflRTING IN:
H3 = WASTE PILE OF SOIL-HflVING:

UNFROZEN DRY DENS. =100 PCF, HflTER CONT.= £0.3* (80* SflT) KU=0.81
FROZEN DRY DENS. = 80 PCF WATER CONT.= 37. 7X C/L=. 0076 L=4124 KF=1 . 18

BOT&tOVER flND WASTE PILE USE HEflVE STRfllN, S = 2M, 95* OF MAX L
HEflVE FRflCTIDN NOT RECOVERED ON THAWING, F = 0.20,
LAMBDA*SQR[N-FftCTOR] = .48 (flVS) .00 (SD)

ESTIMATES USE MOD. BERGGREN EQU. W/ KERSTEN KF'S flND + 0* - 25* ERROR IN KF'S
CORRELflTION COEFFICIENT BETWEEN Kl .F flND K3.F, R1.3=0.00

FPY = ftVG YEflRS TO FIRST FROST PENETRflTION TO DEPTH HI flND RETURN PERIOD
UP.YRS = ESTIMflTED YEflRS FOR OBJECT UPFREEZIN6 FROM HI (FOR HI PROPS IN H3) BUT

CORRECT UP.YRS FOR DIFFERENCE IN DELTfl'S WHEN OBJECT IN H3.
CONSERflTIVE FOR ftLL OBJECTS HflVING (X-ft) < 0. 10 FT

FOR H1=TCT: UP.YRS IS flN ESTINflTE (+ OR - CV*) OF YEflRS TO UPFREEZE THRU COVER
LBOND = 1 STflNDflRD DEVIflTION LOWER BOUND (LB),

flBD = flBOND = flBSOLUTE LB FOR HEflVE STRfllN, UNRECOVER FflCTOR flND EPS.UF
R100 = EST'ED RELIflBILITY (PROBABILITY) UP.YRS EXCEEDS 100 YEflRS

COVER THERMflL PROPERTIES IN H3 (R1.3=l) WST'PILE
M ytD*UHI3 KKUD.
HI "TCAVGtCV* FPAV64CV*
1 .0
1 . 1
1 .2
1 .3
1 .4
1 .5
1 .6
1 .7
1 .8
1 .9
2.0
2.1
2.2
2.3
2 .4
2.5
0

533 14
645 14
767 14
900 14

1044 14
1199 14
1364 14
1540 14
1726 14
1923 14
2131 14
2350 14
2579 14
2818 14
3069 14
3330 14

.901

.789

.640

.482

.336

.220

. 135

.079
.044
.024
.012
.006
.003
.001
.001
.000

6.8
13.6
22.3
31 .8
41 .3
50.1
58.0
64.8
70.5
75.4
79.4
82.6
85.4
87.6
89.5
9 1 .0

FPY
1
1
2
2
4
6
11
22
45
98

221
515

1229
2991
7402

18555

——— ii
UP.YRS

258
294
344
417
538
753

1165
2004
3797
7791

169%
38790
91536

221453
545919

1365069

1H«3 •
CV*
0.8
2.0
4.4
8.6

15 . 1
24.2
35.2
46.7
57.1
65.7
72.4
77.6
8 1 .6
84.8
87.2
89.2

LBOND
256
288
329
382
457
571
755

1069
1629
2673
4684
8678

16814
33748
69638

ABD
250
275
300
325
350
375
400
425
450
475
500
525
550
575
600

KHUD. >
R100
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00

*146864 625 100.00

TLHK3 r 1 ICHK3
DELTA H3M DELTfl

32 .1
41 .1
58 .1
90 .1

152 .1
278 .1
546 .1

1 131 . 1
2455 .1
5535 .1

12874 .1
30713 .1
74779 . 1

185056 .1
463876 . 1

1174424 .

32
41
58
89

152
278
545

1129
2450
5523

12847
30647
74619

184661
462898

1 1 17199



S=20* F=0.30

THERMAL flND UPFREEZIN6 ANALYSIS ESTIMATES - PROGRAM UPFREEZ5Y - 04-08-1987
MANVILLE WAUKE6AN, ILL PLANT WftSTE PILE

«**»* YEARS TO UPFREEZE OBJECTS THRU COVER - PRELIMINARY RESULTS w««

OBJECTS HflVE (X - fl) = 0 . 10 FT (EFFECTIVE PARTICLE SIZE, EPS.UF) STARTING AT
TOP OF WASTE PILE-BOTTOM OF COVER OF TOTAL THICKNESS = TCT

THERMAL LOAD FREEZE INDEX (Fl ) : L06NORMAL W/ MEDIAN = 875 MEAN = 935 SD.LN=.365

HI = DEPTH OF COVER ABOVE OBJECT, STARTING AT H1=TCT [FT] - FINE-GRAINED SOIL
UNFROZEN DRY DENS. =100 PCF, WATER CONT.= 20.3* (BOX SAT) KIMU1
FROZEN DRY DENS. = 80 PCF, WATER CONT.= 37.7* C/L=.0076 L=4124 KF=1 . 18

H3M = OBJECT LENGTH FOR MAX UPFREEZE, STARTING IN:
H3 = WASTE PILE OF SOIL-HAVING:

UNFROZEN DRY DENS. =100 PCF, HATER CONT.= 20.3* (80* SAT) KU=0.81
FROZEN DRY DENS. = 60 PCF WATER CONT.= 37.7* C/L=. 0076 L=4124 KF=1.18

BOWOVER flND WASTE PILE USE HEAVE STRfilN, S = 20*, 95* OF MAX L
HEAVE FRACTION NOT RECOVERED ON THAWING, F = 0.30,
LAMBDfl*SQR[N-FACTOR] = .48 (AV6) .00 (SD)

ESTIMATES USE MOD. BERGGREN EQU. W/ KERSTEN KF'S AND + 0* - 25* ERROR IN KF'S
CORRELATION COEFFICIENT BETWEEN Kl.F AND K3.F, R1.3=0.00

FPY = AV6 YEARS TO FIRST FROST PENETRATION TO DEPTH HI AND RETURN PERIOD
UP.YRS = ESTIMATED YEARS FOR OBJECT UPFREEZING FROM HI (FOR HI PROPS IN H3) BUT

CORRECT UP.YRS FOR DIFFERENCE IN DELTfl'S WHEN OBJECT IN H3.
CONSERATIVE FOR ALL OBJECTS HAVING (X-A) ( 0 . 10 FT

FOR H1=TCT: UP.YRS IS AN ESTIMATE (+ OR - CV*) OF YEARS TO UPFREEZE THRU COVER
LBOND = 1 STANDARD DEVIATION LOWER BOUND (LB),

ABD = ABOND = ABSOLUTE LB FOR HEAVE STRAIN, UNRECOVER FACTOR AND EPS.UF
R100 = EST'ED RELIABILITY (PROBABILITY) UP.YRS EXCEEDS 100 YEARS

FT DEG*DAYS PROB.
Hf^rCAVGiCV* FPAVGJCV*
1 .0
1 . 1
.2
.3
.4
.5
.6
.7

1 .8
1 .9
2.0
2. 1
2 .2
2.3
2.4
2.5

533 14
645 14
767 14
900 14

1044 14
1199 14
1364 14
1540 14
1726 14
1923 14
2131 14
2350 14
2579 14
2818 14
3069 14
3330 14

.901
.789
.640
.482
.336
.220
.135
.079
.044
.024
.012
.006
.003
.001
.001
.000

6.8
13.6
22.3
31 .8
41 .3
50.1
58.0
64.8
70.5
75.4
79.4
82.6
85.4
87.6
89.5
9 1 .0

COVER THERM»/f
FPY

1
1
2
2
4
6
11
22
45
98

221
515

1229
2991
7402

18555

—————— II

UP.YRS
172
196
229
278
359
502
777

1336
2531
5194

11331
25860
61024

147635
363946
910046

1L PRI
IARS
CV*
0.8
2.0
4.4
8.6
15.1
24.2
35.2
46.7
57.1
65.7
72.4
77.6
8 1 . 6
84.8
87.2
89.2

PERTIES If

LBOND
170
192
219
254
304
381
503
712

1086
1782
3123
5785

11209
22499
46425
97910

ABD
167
183
200
217
233
250
267
283
300
317
333
350
367
383
400
417

J H3 (Rl
PROB.*
R100
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00

.3=1) WST'PILE
YEARS FT YEARS
DELTA H3M DELTfl

22 .
27 .
39 .
60 .

101 .
186 .
364 .
754 .

1636 .
3690 .
8583 .

20476 .
49853 .

123370 .
309251 .
782949 .

L 22
27
38
60

101
185
363

1 753
I 1633

3682
1 8565

20432
49746

123108
308599
781327



s=20< F=O.AO

THERMflL flND UPFREEZIN6 flNflLYSIS ESTIMATES - PROGRfl« UPFREEZ5Y - 04-06-1987
MftNVILLE WftUKEBflN, ILL PLflNT HflSTE PILE

**«»* YEflRS TO UPFREEZE OBJECTS THRU COVER - PRELIMINARY RESULTS ******

OBJECTS HflVE (X - fl) = 0 . 10 FT (EFFECTIVE PflRTICLE SIZE, EPS.UF) STflRTINB flT
TOP OF WASTE PILE-BOHOM OF COVER OF TOTflL THICKNESS = TCT

THERMflL LOflD FREEZE INDEX (FI) : LOGNQRMftL H/ MEDIftN = 875 MEAN = 935 SD.LN=.365

HI = DEPTH OF COVER flBOVE OBJECT, STORTING flT H1=TCT [FT] - FINE-«RflINED SOIL
UNFROZEN DRY DENS. =100 PCF, HflTER CONT.= 20. 3< (80* SflT) KU=0.81
FROZEN DRY DENS. = 80 PCF, UfliER CONT.= 37. 7X C/L=.0076 L=4124 KF=1 . 1B

H3M = OBJECT LENGTH FOR MflX UPFREEZE, STflRTING IN:
H3 = WftSTE PILE OF SOIL-HftVING:

UNFROZEN DRY DENS. =100 PCF, WflTER CONL = 20.3* (80* SflT) KU=0.81
FROZEN DRY DENS. = 80 PCF WflTER CONT.= 27.7% C/L=.007£ L=4124 KF=1.18

BOtfrtOVER flND HflSTE PILE USE HEflVE STRfllN, S = 20*, 95* OF MflX L
HEflVE FRflCTION NOT RECOVERED ON THftWING, F = 0.40,
LflMBDfl*SOR[N-FftCTDR] = .48 (flV6) .00 (SD)

ESTIMflTES USE MOD. BERGGREN EQU. H/ KERSTEN KF'S ftND + 0* - 25* ERROR IN KF'S
CORRELflTION COEFFICIENT BETWEEN Kl .F flND K3.F, Ri.3=0.00

FPY = flVS YEflRS TO FIRST FROST PENETRflTION TO DEPTH HI flND RETURN PERIOD
UP.YRS = ESTIMflTED YEflRS FOR OBJECT UPFREEZIN6 FROM HI (FOR HI PROPS IN H3) BUT

CORRECT UP.YRS FOR DIFFERENCE IN DELTfl'S WHEN OBJECT IN H3.
CONSERflTIVE FOR flLL OBJECTS HflVING (X-fl) < 0. 10 FT

FOR H1=TCT: UP.YRS IS ftN ESTIMflTE (* OR - CVO OF YEflRS TO UPFREEZE THRU COVER
LBOND = 1 STflNDflRD DEVIflTION LOWER BOUND (LB),

flBD = flBON'D = flBSOLUTE LB FOR HEflVE STRfllN, UNRECOVER FflCTOR flND EPS.UF
R100 = EST'ED RELIflBILITY (PROBflBILITY) UP.YRS EXCEEDS 100 YEflRS

COVER THERMflL PROPERTIES IN H3 (R1.3=l) HST'PILE
r i
HI ^
1 .0
1 . 1
1 .2
1 .3
1 .4
1 .5
1 .6
1 .7
1 .8
1 .9
2.0
2. 1
2 .2
2 .3
2.4
2.5

;tt>*UHT3 KKUB, —— -
TtflVGtCV* FPflVGtCV*

533 14
645 14
767 14
900 14

1044 14
1199 14
1364 14
1540 14
1726 14
1923 14
2131 14
2350 14
2579 14
2818 14
3069 14
3330 14

.901

.789
.640
.482
.336
.220
. 135
.079
.044
.024
.012
.006
.003
.001
.001
.000

6.8
13 .6
22.3
31 .8
41 .3
50.1
58.0
64.8
70.5
75.4
79.4
82.6
85.4
87.6
89.5
9 1 .0

FPY
1
1
2
2
4
6
11
22
45
98

221
515

1229
2991
7402

18555

1 • • • • TLHtw " " "' ' ' ' " "™
UP.YRS

129
147
172
209
269
377
583

1002
1898
38%
8498

19395
45768

110727
272960
682535

CV*
0.8
2.0
4.4
8.6

15. 1
24.2
35.2
46.7
57.1
65.7
72.4
77.6
8 1 .6
84 .6
87.2
89.2

LBOND
128
144
164
191
228
285
377
534
815

1336
2342
4339
8407

16874
34819
73432

flBD
125
138
150
163
175
188
200
213
225
238
250
263
275
288
300
313

HKUB.Tl
R100
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00

TtHKS ft TtHKS
DELTfl H3M DELTfl

16 .1
21 .1
29 .1
45 .1
76 .1

139 .1
273 .1
565 .1

1227 .1
2767 . 1
6437 .1

15357 .1
37390 .1
92528 .1

231938 . 1
587212 . 1

16
21
29
45
76

139
272
564

1225
2762
6423

15324
37309
92331

231449
585995



S=20* F=0.50

THERMAL AND UPFREEZING ANALYSIS ESTIMATES - PROGRAM UPFREEZ5Y - 04-08-1987
HANVILLE WAUKE6AN, ILL PLANT WASTE PILE

t»w* YEARS TO UPFREEZE OBJECTS THRU COVER - PRELIMINARY RESULTS *««*

OBJECTS HAVE (X - A) = 0 . 10 FT (EFFECTIVE PARTICLE SIZE, EPS.UF) STARTING AT
TOP OF WASTE PILE-BOTTOM OF COVER OF TOTAL THICKNESS = TCT

THERMAL LOAD FREEZE INDEX (FI ) : LOGNORMAL W/ MEDIAN = 875 MEAN = 935 SD.LN=.365

HI = DEPTH OF COVER ABOVE OBJECT, STARTING AT H1=TCT [FT] - FINE-GRAINED SOIL
UNFROZEN DRY DENS. =100 PCF, HATER CONT.= 20.3* (80* SAT) KU=0.81
FROZEN DRY DENS. = 80 PCF, WATER CONT.= 37.7% C/L=.0076 L=4124 KF=1 . 18

H3M = OBJECT LENGTH FOR MAX UPFREEZE, STARTING IN:
H3 = WASTE PILE OF SOIL-HAVING:

UNFROZEN DRY DENS. =100 PCF, WATER CONT.= 20.3* (80* SAT) KU=0.81
FROZEN DRY DENS. = 80 PCF WATER CONT.= 37.7* C/L=. 0076 L=4124 KF=1 . 18

BOVCOVER AND WASTE PILE USE HEAVE STRAIN, S = 20*, 95* OF MAX L
HEAVE FRACTION NOT RECOVERED ON THAWING, F = 0.50,
LAMBDA*SQR[N-FACTOR] = .48 (AV6) .00 (SD)

ESTIMATES USE MOD. BERGGREN EQU. H/ KERSTEN KF'S AND + 0* - 25* ERROR IN KF'S
CORRELATION COEFICIENT BETWEEN K l .F AND K3.F, R1.3=0.00

FPY = AVG YEARS TO FIRST FROST PENETRATION TO DEPTH HI AND RETURN PERIOD
UP.YRS = ESTIMATED YEARS FOR OBJECT UPFREEZIN6 FROM HI (FOR HI PROPS IN H3) BUT

CORRECT UP.YRS FOR DIFERENCE IN DELTA'S WHEN OBJECT IN H3.
CONSERATIVE FOR ALL OBJECTS HAVING (X-A) ( 0 . 10 FT

FOR H1=TCT: UP.YRS IS AN ESTIMATE (+ OR - CV*) OF YEARS TO UPFREEZE THRU COVER
LPOND = 1 STANDARD DEVIATION LOWER BOUND (LB),

ABD = ABOND = ABSOLUTE LB FOR HEAVE STRAIN, UNRECOVER FACTOR AND EPS.UF
R100 = EST'ED RELIABILITY (PROBABILITY) UP.YRS EXCEEDS 100 YEARS

COVER THERMAL PROPERTIES IN H3 (R1.3=l) WST'PILE
Pi UtO»UHT3 KKUD.
Hl̂ TCAVGiCV* FPAVG4CV*
1 .0
1 . 1
1 .2
1 .3
1 .4
1 .5
1 .6
1 .7
1 .8
1 .9
2.0
2.1
2.2
2.3
2 .4
2.5

533 14
645 14
767 14
900 14

1044 14
1199 14
1264 14
1540 14
1726 14
1923 14
2131 14
2350 14
2579 14
2818 14
3069 14
3330 14

.901

.789

.640
.482
.336
.220
.135
.079
.044
.024
.012
.006
.003
.001
.001
.000

6.8
13 .6
22.3
31 .8
41 .3
50.1
58.0
64.8
70.5
75.4
79.4
82.6
85. 4
87.6
89.5
9 1 .0

FPY
1
1
2
2
4
6
11
22
45
98

221
515

1229
2991
7402

18555

———— TE.HK3 '
UP.YRS CV*

103
118
137
167
215
301
466
801

1519
31 17
6798

15516
36614
88581

21836B
546028

0.8
2.0
4.4
8.6

15.1
24.2
35.2
46.7
57.1
65.7
7£.4
77.6
f i l .6
84.8
87.2
83.2

LBOND ABD
102 100
1 15 1 10
131 120
153 130
183 140
228 150
302 160
427 170
652 180

1069 190
1874 200
3471 210
6726 220

13499 230
27855 240
58746 250

KKUD. >
R100
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00

TtHUB
DELTA

13
16
23
36
61
111
218
452
982

2214
5150

12285
29912
74022

185550
469770

r I TtHKB
H3M DELTA
. 1
. 1
. 1
. 1
. 1
. 1
. 1
. 1
. 1
. 1
. 1
. 1
. 1
. 1
. 1
. 1

13
16
23
36
61
1 1 1
218
452
980

2209
5139

12259
29847
73865

185159
4687%



S=301 F=0.10

THERMAL flND LJPFREE2IN6 flNflLYSIS ESTIMflTES - PROGRAM UPFREEZ5Y - 04-08-1987
MftNVILLE HflUKEGflN, ILL PLftNT HftSTE PILE

*«*« YEflRS TO UPFREEZE OBJECTS THRU COVER - PRELIMINflRY RESULTS *«*H

OBJECTS HflVE (X - ft) = 0 . 10 FT (EFFECTIVE PflRTICLE SIZE, EPS. IF) STflRTING flT
TOP OF HflSTE PILE-BOTTOM OF COVER OF TOTflL THICKNESS = TCT

THERMAL LOflD FREEZE INDEX (FI) : LOGNORMflL H/ MEDIflN = 875 MEflN = 935 SD.LNK365

Hi = DEPTH OF COVER flBOVE OBJECT, STARTING flT H1=TCT [FT] - FINE-GRfllNED SOIL
UNFROZEN DRY DENS. =100 PCF, MflTER CONT.= 20.3* (801 SflT) KIND. 81
FROZEN DRY DENS. = 70 PCF, UflTER CONL= 47.91 C/L=. 0068 L=4590 KF=1 .23

H3M = OBJECT LENGTH FOR MAX UPFREEZE, STflRTING IN:
H3 = WflSTE PILE OF SOIL-HAVING:

UNFROZEN DRY DENS. =100 PCF, WflTER CONT.= 20.3* (801 SflT) KU=0.81
FROZEN DRY DENS. = 70 PCF WflTER CONT.= 47.91 C/L=.0068 L=4590 KF=1.23

BOTTrtOVER flND WflSTE PILE USE HEflVE STRfllN, S = 301, 951 OF MflX L
HEflVE FRflCTION NOT RECOVERED ON THftWING, F = 0 . 10 ,
LflMBDfl«SQRCN-FfiCTOR] = .48 (ftVG) .00 (SD)

ESTIMATES USE MOD. BERGGREN EQU. W/ KERSTEN KFS flND + 0 1 -25 1 ERROR IN KF'S
CDRRELflTION COEFFICIENT BETWEEN Kl .F flND K3.F, R1 .3=Q.OO

FPY = ftVG YEflRS TO FIRST FROST PENETRflTION TO DEPTH HI flND RETURN PERIOD
UP.YRS = ESTIMflTED YEflRS FOR OBJECT UPFREEZING FROM HI (FOR HI PROPS IN H3) BUT

CORRECT UP.YRS FOR DIFFERENCE IN DELTfl'S WHEN OBJECT IN H3.
CONSERflTIVE FOR flLL OBJECTS HflVING (X-fl) ( 0 . 10 FT

FOR H1=TCT: UP.YRS IS ftN ESTIMflTE (+ OR - CV1) OF YEflRS TO UPFREEZE THRU COVER
LBOND = 1 STflNDflRD DEVIflTION LOWER BOUND (LB),

flBD = flBOND = flBSOLUTE LB FOR HEflVE STRfllN, UNRECOVER FflCTOR flND EPS. IF
R100 = EST'ED RELIflBILITY (PROBflBILITY) UP.YRS EXCEEDS 100 YEflRS

COVER THERMAL PROPERTIES IN H3 (R1.3=l) WST'PILE
r i ULDTUHT3 KKUD. ———————— TtHKB ————————— KHUB. »
HI >CAV6tCVl FPftVGiCVl FPY
1 .0
1 . 1
1 .2
1 .3
1 .4
1 .5
1 .6
1 .7
1 .8
1 .9
2.0
2. 1
2.2
6
2.3
1
2.4
550
2.5

667
807
96!

1128
1308
1501
1708
1928
2162
2408
2669
2942
3229

3529
3843

4170

14
14
14
14
14
14
14
14
14
14
14
14
14

14

14

14

.763
.591
.4 17
.269
. 160
.089
.047
.023
.011
.005
.002
.001
.000

.000
.000

.000

15.2
25.2
35.9
46.2
55.5
63.4
70.0
75.5
79.9
83.4
86.3
88.6
90.5

92.0

93.2

94.2

1
2
3
5
9

19
42

100
249
645

1720
46%

13056

36798

104776

300496

UP.YRS
364
440
564
794

1258
2273
4642

10465
25373
64799

171747
467619

1298512

3658074

10412570

29852730

CV1
2.4
5.7

1 1 . 5
20.5
32.3
45.1
56.8
66.3
73.6
79.0
83.0
86.2
88.6

90.5

92.1

93.3

LBOND flBD R100
355 333 100.00
415 367 100.00
500 400 100.00
631 433 100.00
852 467 100.00

1248 500 100.00
2004 533 100.00
3524 567 100.00
6709 600 100.00

13631 633 100.00
29133 667 100.00

TtHna r i
DELTfl H3M

60 .
92 .

158 .
301 .
627 .

1404 .
3335 .
8310 .

21506 .
57346 .

156550 .
64720 700 100.00 435194 .
1 148102 733 100.00

1346754 767 100.00

1826464 800 100.00

1226591

3492534

1
1
1
1
1
1
. 1

. 1

110016460

11997413 833 100.00 128863850

TtHKS
DELTfl

60
92

158
300
625

1400
3327
8288

21448
57192

156130
434041

122339

348365

.1 9991

.1 128
794100



S=3W F=0.20

THERMAL AND UPFREEZING ANALYSIS ESTIMATES - PROGRAM UPFREEZ5Y - 04-08-1987
MANVILLE MflUKEGAN, ILL PLANT UASTE PILE

****** YEARS TO UPFREEZE OBJECTS THRU COVER - PRELIMINARY RESULTS ******

OBJECTS HAVE (X - A) = 0.10 FT (EFFECTIVE PARTICLE SIZE, EPS.UF) STARTING AT
TOP OF WASTE PILE-BOTTOM OF COVER OF TOTAL THICKNESS = TCT

THERMAL LOAD FREEZE INDEX (FI ) : L06NORMAL U/ MEDIAN = 875 MEAN = 935 SD.LN=.365

HI = DEPTH OF COVER ABOVE OBJECT, STARTING AT H1=TCT [FT] - FINE-GRAINED SOIL
UNFROZEN DRY DENS.=100 PCF, WATER CONT.= 20.3< (80* SAT) KU=0.81
FROZEN DRY DENS. = 70 PCF, HATER CONT.= 47.9* C/L=.0068 L=4590 KF=1.23

H3M = OBJECT LENGTH FOR MAX UPFREEZE, STARTING IN:
H3 = UASTE PILE OF SOIL-HAVING:

UNFROZEN DRY DENS.=100 PCF, HATER CONT.= 20.2% (80* SAT) KU=0.81
FROZEN DRY DENS. = 70 PCF HATER CONT.= 47.9X C/L=.0068 L=4590 KF=1.23

BC1WOVER AND UASTE PILE USE HEAVE STRAIN, S = 30*, 95< OF MAX L
HEAVE FRACTION NOT RECOVERED ON THAUIN6, F = 0.20,
LAMBDA*SQR[N-FACTOR] = .48 (AVG) .00 (SD)

ESTIMATES USE MOD. BERGGREN EQU. U/ KERSTEN KF'S AND + OX - 25X ERROR IN KF'S
CORRELATION COEFFICIENT BETUEEN Kl.F AND K3.F, R1.3=0.00

FPY = AVG YEARS TO FIRST FROST PENETRATION TO DEPTH HI AND RETURN PERIOD
UP.YRS = ESTIMATED YEARS FOR OBJECT UPFREEZING FROM HI (FOR HI PROPS IN H3) BUT

CORRECT UP.YRS FOR DIFFERENCE IN DELTA'S WHEN OBJECT IN H3.
CONSERATIVE FOR ALL OBJECTS HAVING (X-A) ( 0 . 10 FT

FOR H1=TCT: UP.YRS IS AN ESTIMATE (+ OR - CW) OF YEARS TO UPFREEZE THRU COVER
LBOND = 1 STANDARD DEVIATION LOUER BOUND (LB) ,

ABD = ABOND = ABSOLUTE LB FOR HEAVE STRAIN, UNRECOVER FACTOR AND EPS.UF
R100 = EST'ED RELIABILITY (PROBABILITY) UP.YRS EXCEEDS 100 YEARS

COVER THERMAL PROPERTIES IN H3 (R1.3=l) UST'PILE
r i ItO'UHTD KKUD. ———————— ILHR3 —————————
HI StflVGiCVX FPAVGtCV* FPY
1 .0
1 . 1
1 .2
1 .3
1 .4
1 .5
1 .6
1 .7
l .B
1.9
2.0
2.1
2.2
2.3
5
2.4
5
2.5

667
807
961

1 128
1308
1501
1708
1928
2162
2408
2669
2942
3229
3529
3843

4170

14
14
14
14
14
14
14
14
14
14
14
14
14
14

14

14

.763

.591

.417

.269

.160

.089

.047
.023
.0 1 1
.005
.002
.001
.000
.000

.000

.000

15 .2
25.2
35.9
46.2
55.5
63.4
70.0
75.5
79.9
83.4
86.3
88.6
90.5
92.0

93.2

94.2

1
2
3
5
9

19
42

100
249
645

1720
46%

13056
36798

104776

3004%

UP.YRS
182
220
282
397
629

1 136
2321
5233

12687
32400
65874

233810
649256

1829037

5206285

14926360

CV<
2.4
5.7

1 1 .5
20.5
32.3
45. 1
56.8
66.3
73.6
79.0
83.0
86.2
88.6
90.5
92.1

93.3

LBOND ABD
177 167
207 183
250 200
316 217
426 233
624 250

1002 267
1762 283
3354 300
6816 317

14566 333
32360 350
74051 367

KKUB. >
R100
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00

7U73377 383 100.00

TCHK3 ri
DELTA H3M

30 .1
46 .1
79 .1

150 .1
313 . 1
702 .1

1668 .1
4155 .1

10753 .1
28673 . 1
78275 .1

217597 . 1
613295 .1

1746267 . 1

*413232 400 100.00 5008229 .1

X998706 417 100.00 3114431930

TCHKa
DELTA

30
46
79

150
313
700

1663
4144

10724
285%
78065

217020
611698

174182

499577

.1 <143
97050



S=30< F=0.30

THERMAL flND UPFREEZING ANALYSIS ESTIMflTES - PROGRAM UPFREEZ5Y - 04-08-1987
MANVILLE WftUKEGfiN, 111 PLftNT WASTE PILE

****** YEflRS TO UPFREEZE OBJECTS THRU COVER - PRELIMINfiRY RESULTS ******

OBJECTS HAVE (X - ft) = 0 . 10 FT (EFFECTIVE PfiRTICLE SIZE, EPS. IF) STflRTING flT
TOP OF WflSTE PILE-BOTTOM OF COVER OF TOTAL THICKNESS = TCT

THERMAL LOAD FREEZE INDEX (FI): LOGNORMflL W/ MEDIAN = 875 MEAN = 935 SD.LN=.365

HI = DEPTH OF COVER ABOVE OBJECT, STflRTING flT H1=TCT [FT] - FINE-GRAINED SOIL
UNFROZEN DRY DENS. =100 PCF, HflTER CONT.= 20.3* (80* SAT) KU=O.B1
FROZEN DRY DENS. = 70 PCF, WATER CONT.= 47.3% C/L=.OOS8 L=4590 KF=1.23

H3M = OBJECT LENGTH FOR MAX UPFREEZE, STARTING IN:
H3 = WASTE PILE OF SOIL-HAVING:

UNFROZEN DRY DENS. =100 PCF, WATER CONT.= 20.3* (80* SAT) KU=0.81
FROZEN DRY IBS. = 70 PCF WflTER CONT.= 47.9* C/L=.0058 L=4590 KF=1.23

BOhrCOVER AND HASTE PILE USE HEAVE STRfllN, S = 30*, 95* OF WAX L
HEAVE FRACTION NOT RECOVERED ON THAWING, F = 0.30,
LAMBDfl«SDR[N-FACTDR] = .48 (AVG) .00 (SD)

ESTIMATES USE MOD. BERGGREN EQU. W/ KERSTEN KF'S AND + 0* - 25* ERROR IN KF'S
CORRELflTION COEFFICIENT BETWEEN Kl .F ftNC K3.F, R1 .3=0.00

FPY = flVG YEARS TO FIRST FROST PENETRATION TO DEPTH HI flND RETURN PERIOD
UP.YRS = ESTIMATED YEflRS FOR OBJECT UPFREEZING FROM HI (FOR HI PROPS IN H3) BUT

CORRECT UP.YRS FOR DIFFERENCE IN DELTfl'S WHEN OBJECT IN H3.
CONSERATIVE FOR ALL OBJECTS HAVING (X-A) ( 0 . 10 FT

FCR H1=TCT: UP.YRS IS AN ESTIMATE (+ OR - CV*) OF YEARS TO UPFREEZE THRU COVER
LBOND = 1 STANDARD DEVIATION LOWER BOUND (LB),

ABD = ABOND = ABSOLUTE LB FOR HEflVE STRfllN, UNRECOVER FACTOR AND EPS.UF
R100 = EST'ED RELIABILITY (PROBABILITY) UP.YRS EXCEEDS 100 YEARS

COVER THERMftL PROPERTIES IN H3 <R1.3=1) WST'PILE
FT :>ES*DflYS PROB. —
HI '-rtAVGiCV* FPAVGO* FPY
1 .0
1 . 1
1 .2
1 .3
1 .4
1 .51 .6
1 .7
1 .8
1 .3
2.0
2. 1
2 .2
2.3
7
2 .4
7
2.5
5

667
807
961

1128
1308
1501
1708
1928
2162
2408
2669
2942
3229
3529
3843

4170

14
14
14
14
14
14
14
14
14
14
14
14
14
14

14

14

.763

.591
.4 17
.269
. 160
.089
.047
.023
.01 1
.005
.002
.001
.000
.000

.000

.000

15.2
25.2
35.9
46.2
55.5
63.4
70.0
75.5
79.9
83.4
86.3
88.6
90.5
92.0

93.2

94.2

1
2
3
5
9

19
42

100
249
645

1720
46%

13056
36798

104776

3004%

——— YEARS ———
UP.YRS

121
147
188
265
419
758

1547
3488
8458

21600
57249

155873
432837

1219358

3470857

9950909

CV*
2.4
5.7

1 1 .5
20.5
32.3
45.1
56.8
66.3
73.6
79.0
83.0
86.2
88.6
90.5

92.1

93.3

LBOND
118
138
167
210
284
416
668

1175
2236
4544
971 1

21573
49367
*1155£

—— PROB.*
ABD R100
111 100.00
122 100.00
133 100.00
144 100.00
156 100.00
167 100.00
178 100.00
189 100.00
200 100.00
211 100.00
222 100.00
233 100.00
244 100.00
!5 256 100.00

X275488 267 100.00

X665804 278 100.00

YEARS FT YEflRS
DELTA H3« DELTfl

20 .1
31 .1
53 .1

100 .1
209 .1
468 .1

1 1 12 . 1
2770 .1
7169 . 1

191 15 . 1
52183 .1

145065 .1
408864 .1

1 164178 .

3338820 .

9621285 .

20
31
53

100
208
467

1109
2763
7149

19064
52043

144680
407799

1 1 16121

1 333051

1 959803



S=30* F=0.40

THERKflL flND UPFREEZING flNflLYSIS ESTIMflTES - PROGRflM UPFREEZ5Y - 04-08-1987
MflNVILLE UflUKESflN, III PLflNT UflSTE PILE

»**** YEftRS TO UPFREEZE OBJECTS THRU COVER — PRELIMINARY RESULTS ******

OBJECTS HflVE (X - fl) = 0 . 10 FT (EFFECTIVE PflRTICLE SIZE, EPS.UF) STORTING flT
TOP OF UflSTE PILE-BOTTOM OF COVER OF TOTflL THICKNESS = TCT

THERMflL LOflD FREEZE INDEX (F I ) : LOGNORMflL W/ MEDIftN = 875 HEflN = 935 SD.LN=.365

HI = DEPTH OF COVER flBOVE OBJECT, STflRTING flT H1=TCT CFT] - FINE-GRfllNED SOIL
UNFROZEN DRY DENS.=100 PCF, HflTER CONT.= 20.3< (80< SflT) KU=0.81
FRCZEN DRY DENS. = 70 PCF, WATER CONT.= 47.9* C/L=.0068 L=4590 KF=1.23

H3M = OBJECT LENGTH FOR MflX UPFREEZE, STflRTING IN:
H3 = HflSTE PILE OF SOIL-HflVING:

UNFROZEN DRY DENS. =100 PCF, MflTER CONT.= 20.3* <8M SflT) KLW1.81
FROZEN DRY DENS. = 70 PCF WflTER CONT.= 47.9* C/L=.0068 L=4590 KF=1.23

flND HflSTE PILE USE HEftVE STRflIN, S = 3<W, 95* OF MfiX L
HEflVE FRflCTION NOT RECOVERED ON THflWING, F = 0.40,
LAMBDa*SQR[N-FflCTDR] = .48 (fiVG) .00 (SD)

ESTIMflTES USE MOD. BERGGREN EQU. W/ KERSTEN KF'S flND * OX - 25* ERROR IN KF'S
CORRELflTION COEFFICIENT BETWEEN Kl .F flND K3.F, R1.3=0.00

FPY = flVG YEflRS TO FIRST FROST PENETRfiTION TO DEPTH HI flND RETURN PERIOD
UP.YRS = ESTIMflTED YEflRS FOR OBJECT UPFREEZIN6 FROM HI (FOR HI PROPS IN H3) BUT

CORRECT UP.YRS FOR DIFFERENCE IN DELTfl'S WHEN OBJECT IN H3.
CONSERflTIVE FOR ftll OBJECTS HflVING (X-fl) < 0 . 10 FT

FOR H1=TCT: UP.YRS IS flN ESTIMflTE (+ OR - CW) OF YEflRS TO UPFREEZE THRU COVER
LBOND = 1 STftNDflRD DEVIflTION LOWER BOUND (LB),

flBD = flBOND = flBSOLUTE LB FOR HEflVE STRflIN, UNRECOVER FflCTOR flND EPS.UF
R100 = EST'ED RELIfiBILITY (PROBflBILITY) UP.YRS EXCEEDS 100 YEflRS

COVER THERMfiL PROPERTIES IN H3 (R1.3=l) WST'PILE
r i L/nO»L/HI3 KKUB. ——
Hl^-rCftVGJCV* FPflVGiCVX FPY
1 .0
1 . 1
1 .2
.3
.4

C
• J

.6

.7
1 .8
1 .9
2.0
2. 1
2.2
2.3
2 .4
B
2 .5
6

£67
807
961

1 128
1308
1501
1708
1928
2162
2408
2fc69
2942
3229
3529
3843
4170

14
14
14
14
14
14
14
14
14
14
14
14
14
14
14

14

.7&3
.591
.4 17
.269
. 160
.089
.047
.023
.0 1 1
.005
.002
.001
.000
.000
.000
.000

15.2
25.2
35.9
46.2
55.5
63.4
70.0
75.5
79.9
83.4
86.3
88.6
90.5
92.0
93.2

94.2

1
2
3
5
9

19
42

100
249
645

1720
4696

13056
36798

104776

3004%

————— TLHK3 ——————
UP.YRS

91
1 10
141
198
314
568

1161
2616
6343

16200
42937

116905
324628
914519

2603143

7463182

CV%
2.4
5.7
1 1 .5
20.5
32.3
45. 1
56.8
66.3
73.6
79.0
83.0
86.2
83.6
90.5
92.1

93.3

LBOND flBD
89 63

104 92
125 100
158 108
213 1 17
312 125
501 133
881 142

1677 150
3408 158
7283 167

16180 175
37026 183
86688 192

KKUB. >
R100

0.00
94.54

100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00

<206616 200 100.00

TEHXS M TC.HK5
DELTfl H3M DELTfl

15 .1
23 .1
39 .1
75 .1

157 .1
351 .1
834 .1

2078 .1
5376 . 1

14337 . 1
39138 .1

108798 . 1
306648 .1
873133 .1

2504115 .

*499253 208 100.00 7215964 .

15
23
39
75

156
350
832

2072
5362

14298
39033

108510
305849
870913

1 249788

1 719852



S=30* F=0.50

THERMAL AND UPFREEZING ANALYSIS ESTIMATES - PROGRAM UPFREEZ5Y - 04-08-1987
MANVILLE HAUKEBflN, ILL PLANT HASTE PILE

««« YEARS TO UPFREEZE OBJECTS THRU COVER — PRELIMINARY RESULTS ******

OBJECTS HflVE (X - ft) = 0 . 10 FT (EFFECTIVE PARTICLE SIZE, EPS. IF) STflRTING flT
TOP OF HASTE PILE-BOTTOM OF COVER OF TOTflL THICKNESS = TCT

THERMAL LOAD FREEZE INDEX (FI ) : LOGNORMAL U/ MEDIAN = 875 MEAN = 935 SD.LN=.365

HI = DEPTH OF COVER ABOVE OBJECT, STARTING AT H1=TCT [FT] - FINE-GRAINED SOIL
UNFROZEN DRY DENS.=100 PCF, HATER CONT.= 20.3* (80* SAT) KU=0.81
FROZEN DRY DENS. = 70 PCF, HATER CQNT.= 47.9* C/L=.0068 L=4590 KF=1.23

H3M = OBJECT LENGTH FOR MAX UPFREEZE, STARTING IN:
H3 = HfiSTE PILE OF SOIL-HAVING:

UNFROZEN DRY DENS. =100 PCF, HATER CONT.= 20.3* (BO* SAT) KU=0.81
FROZEN DRY DENS. = 70 PCF HATER CONT.= 47.9* C/L=.0058 L=4590 KF=1 .23

BOTfhCOVER AND HASTE PILE USE HEAVE STRAIN, S = 30*, 95* OF MAX L
HEAVE FRACTION NOT RECOVERED ON THAHING, F = 0.50,
LAKBDA*SQR[N-FACTOR] = .48 (AVG) .00 (SD)

ESTIMATES USE MOD. BERGGREN EOU. U/ KERSTEN KF'S AND + 0* - 25* ERROR IN KF'S
CORRELATION COEFFICIENT BETWEEN Kl .F AND K3.F, R1.3=0.00

FPY = AVG YEARS TO FIRST FROST PENETRATION TO DEPTH HI AND RETURN PERIOD
UP. YRS = ESTIMATED YEARS FOR OBJECT UPFREEZING FROM HI (FOR HI PROPS IN H3) BUT

CORRECT UP.YRS FOR DIFFERENCE IN DELTA'S WHEN OBJECT IN H3.
CCNSERATIVE FOR ALL OBJECTS HAVING (X-A) ( 0 . 10 FT

FOR H1=TCT: UP.YRS IS AN ESTIMATE (+ OR - CVX) OF YEARS TO UPFREEZE THRU COVER
LBONC = 1 STANDARD DEVIATION LOWER BOUND (LB),

ABD = ABOND = ABSOLUTE LB FOR HEAVE STRAIN, UNRECOVER FACTOR AND EPS. IF
R100 = EST'ED RELIABILITY (PROBABILITY) UP.YRS EXCEEDS 100 YEARS

COVER THERMAL PROPERTIES IN H3 (R1.3=l) HST'PILE
r i c.o«imi3 KIUJB. —
HI ^CAVGO* FPAVSJCV* FPY
1 .0
1 . 1
1 .2
1 .3
1 .4
1 .5
1 .6
1 .7
1 .8
1 .9
2.0
2. 1
2 .2
2.3
2.4
0
2.5
1

667 14
807 14
%1 14

1128 14
1308 14
1501 14
1708 14
1928 14
£162 14
2408 14
2669 14
2942 14
3229 14
3529 14
3843 14
4170 14

.763

.591

. 4 1 7

.269

.160

.089

.047

.023

.0 1 1

.005

.002

.001

.000

.000

.000

.000

15.2
25.2
35.9
46.2
55.5
63.4
70.0
75.5
79.9
83.4
86.3
88.6
90.5
92.0
93.2

94.2

1
2
3
5
9

19
42

100
249
645

1720
46%

13056
36793

104776

30C49£

————— TC.HH3 •
UP. YRS CV*

73
88

1 13
159
252
455
928

2093
5075

12960
34349
93524

259702
731615

2082514

5970545

£ .4
5.7

1 1 .5
20.5
32.3
45.1
56.8
66.3
73.6
79.0
83.0
86.2
88.6
90.5
92.1

93.3

LBOND ABD
71 67
83 73

100 80
126 87
170 93
250 100
401 107
705 113

1342 120
2726 127
5827 133

12944 140
29620 147
69351 153

KKUB. A
R100

0.00
0.79

84.46
97.76
99.45

100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00

ILHK3 r 1 TCHKS
DELTA H3K DELTA

12 .
18 .
32 .
60 .

125 .
281 .
667 .

1662 .
4301 .

11469 .
31310 .
87039 .

245318 .
698507 .

1
1
1
1
1
1
1
1
1
1
1
1
1
1

*165293 160 100.00 2003292 .

*3994B3 167 100.00 5772771 .

12
18
32
60

125
280
665

1658
4290

11438
31226
86808

244679
696730

1 199831

1 575882



F=0. 10

THERMflL ftND UPFREEZING ANftLYSIS ESTIMflTES - PROGRAM UPFREEZ5Y - 04-03-1987
NflNVILLE HflUKEGftN, ILL PLflNT MflSTE PILE

«**** YEflRS TO UPFREEZE OBJECTS THRU COVER - PRELimNflRY RESULTS »*«*

OBJECTS HflVE (X - fl) = 0 . 10 FT (EFFECTIVE PflRTICLE SIZE, EPS.UF) STflRTING flT
TOP OF UflSTE PILE-BOTTOM OF COVER OF TOTflL THICKNESS = TCT

THERMflL LOflD FREEZE INDEX (FI ) : LOGNORMftL U/ MEDIflN = 875 MEftN = 935 SD.LN=.365

HI = DEPTH OF COVER flBOVE OBJECT, STflRTING flT H1=TCT [FT] - FINE-SRfllNED SOIL
UNFROZEN DRY DENS. =100 PCF, WflTER CONT.= 20.3* (80* SflT) KU=0.81
FROZEN DRY DENS. = 60 PCF, HflTER CONT.= 61 .6* C/L=.0062 L=5057 KF=1 .30

H3M = OBJECT LENGTH FOR MflX UPFREEZE, STflRTING IN:
H3 = HflSTE PILE OF SOIL-HflVING:

UNFROZEN DRY DENS. =100 PCF, UflTER CONT.= 20.3* (80* SflT) KU=0.61
FROZEN DRY DENS. = 60 PCF UflTER CONT.= 61 .6* C/L=. 0062 L=5057 KF=1 .30

BOV-COVER flND UflSTE PILE USE HEflVE STRfllN, S = 40*, 95* OF MflX L
HEflVE FRflCTION NOT RECOVERED OK THflWING, F = 0. 10,
LflMBDfl*SQR[N-FftCTDR] = .48 (flVB) .00 (SD)

ESTIKflTES USE MOD. BERGGREN EQU. H/ KERSTEN KF'S flND + 0* - 25* ERROR IN KF'S
CORRELflTION COEFFICIENT BETWEEN Kl .F flND K3.F, R1.3=0.00

FPY = flVG YEflRS TO FIRST FROST PENETRflTION TO DEPTH HI flND RETURN PERIOD
UP.YRS = ESTIHflTED YEflRS FOR OBJECT UPFREEZIN6 FROM HI (FOR HI PROPS IN H3) BUT

CORRECT UP.YRS FOR DIFERENCE IN DELTfl'S HHEN OBJECT IN H3.
CONSERflTIVE FOR flLL OBJECTS HflVING (X-ft) ( 0 . 10 FT

FOR H1=TCT: UP.YRS IS flN ESTIMflTE (+ OR - CV*) OF YEflRS TO UPFREEZE THRU COVER
LBOND = 1 STflNDflRD DEVIflTION LOWER BOUND (LB),

flBD = ftBOND = flBSOLUTE LB FOR HEflVE STRfllN, UNRECOVER FflCTOR flND EPS.UF
R100 = ESP ED RELIflBILITY (PROBflBILITY) UP.YRS EXCEEDS 100 YEflRS

COVER THERMflL PROPERTIES IN H3 (R1.3=l) WST'PILE
r i uco»u« i a t-nuD. ——
Hl^rCflVGSCV* FPflVGJCV* FPY
1 .0
1 . 1
1 .2
1 .3
1 .4
1 .5
1 .6
1 .7
1 .8
1 .9
2.0
4
2. 1
4
2.2
7
2 .3

803
971

1156
1356
1573
1806
2055
2319
2600
2897
3210
3539

3884
4246

14
14
14
14
14
14
14
14
14
14
14

14

14

14

.597

.406

.248

. 138

.071
.034
.0 16
.007
.003
.001
.000

.000

.000

.000

24.
36.
47.
57.
65.

8
6
8
7
9

72.6
78.
82.
85.
88.
90.

92.

93.
94.

0
2
6
2
3
0

4
4

2
3
5
11
25
62

164
459

1332
3989

12218

38059

120001

————— TCHUD -
UP.YRS

303
404
605

1050
2134
496C

12746
35135

101654
304237
932688

2908433

9177400

381516 29186240

CV*
5.7

12.4
22.9
35.4
50.2
6 1 .9
70.9
77.4
82.2
85.8
88.5

90.6

92.3

93.6

—————— Knuo. *
LBOND flBD R100

286 250 100.00
354 275 100.00
466 300 100.00
666 325 100.00

1063 350 100.00
1888 375 100.00
3712 400 100.00
7933 425 100.00

18075 450 100.00

TCHH3 r 1
DELTfl H3K

71 .1
130 .1
271 .1
621 .1

1546 .1
4106 .1

11467 . 1
33311 .1
99725 .1

43214 475 100.00 305441 .1
<107098 500 100.00

*272718 525 100.00

*708954 550 100.00

* 1872271 575 100.00

951462 . 1

3000029 .1

9537904 .1

*30479780

Ttuna
DELTfl

71
130
270
619

1542
4093

11430
33203
99404

304468
94848

299087

950960

.1 *30
391900
2.4 4623 14 .000 95. 3 * 12 19190 93251800 94. 6 *5003732 600 100. 00 <97651340 . 1 *
97379000
2.5 5016 14 .000 95. 0 *3906034 *207£19500 95.2 *9870539 625 100.00 *130284000 .
1 *130301100



5=40* F=0.20

THERMO. flND UPFREEZING flNflLYSIS ESTIBflTES - PROGRflH IPFREEZ5Y - 04-08-1987
MflNVILLE UftUKESflN, III PLflNT HflSTE PILE

«**** YEflRS TO UPFREEZE OBJECTS THRU COVER - PRELININflRY RESULTS ******
OBJECTS HflVE (X - ft) = 0. 10 FT (EFFECTIVE PflRTICLE SIZE, EPS.UF) STflRTING flT
TOP OF UflSTE PILE-BOTTOM OF COVER OF TOTflL THICKNESS = TCT

THERMflL LOflD FREEZE INDEX (FI): LOGNORMflL H/ NETION = 875 fcflN = 935 SD.LN=.365
HI = DEPTH OF COVER flBOVE OBJECT, STflRTING flT H1=TCT [FT] — FINE-6RflINED SOIL

UNFROZEN DRY DENS. =100 PCF, UflTER CONT.= 20.3* (80* SflT) KU=0.81
FROZEN DRY DENS. = 60 PCF, UflTES CONT.= 61 .6 * C/L=. 0052 L=5057 KF=1.30

H3« = OBJECT LENGTH FOR KflX UPFREEZE, STORTING IN:
H3 = WflSTE PILE OF SOIL-HflVING:

UNFROZEN DRY DENS. =100 PCF, HflTER CONL= 20.3* (80* SflT) KU=O.B1
FROZEN DRY DENS. = 60 PCF WflTER CONT.= 61 .6 * C/L=. 0062 L=5057 KF=1 .30

BOTfr-CDVER flN2 WflSTE PILE USE HEflVE STRflIN, S = 40*, 95* OF MflX L
HEflVE FRflCTION NOT RECOVERED ON THflWING, F = 0.20,
LflMBDfl*SQR[N-FflCTOR] = .48 (ftVG) .00 (SD)

ESTIMATES USE MOD. BERSGREN EQU. U/ KERETEN KF'S flND +• 0* - 25* ERROR IN KF'S
CORRELflTION COEFFICIENT BETWEEN Kl .F ftND K3.F, R1.3=0.00

FPY = flVG YEflRS TO FIRST FROST PENETRflTION TO DEPTH HI ftND RETURN PERIOD
UP.YRS = ESTIMflTED YEflRS FOR OBJECT UPFREEZING FROM HI (FOR HI PROF'S IN H3) BUT

CORRECT UP.YRS FOR DIFFERENCE IN DaTfl'S WHEN OBJECT IN Hi
CONSERflTIVE FOR ftLL OBJECTS HflVING (X-fl) ( 0 . 10 FT

FOR H1=TCT: UP.YRS IS flN ESTIMATE (+ OR - CV*) OF YEflRS TO UPFREEZE THRU COVER
LBOND = 1 STflNDflRD DEVIflTION LOWER BOUND (LB),

flBD = flBOra = RESOLUTE LB FOR HEflVE STRflIN, UNRECOVER FflCTOR flND EPS.UF
R100 = EST'ED RELIflBILITY (PROBflBILITY) UP.YRS EXCEEDS 100 YEflRS

COVER THERMflL PROPERTIES IN H3 (R1.3=l) WST'PILE
FT E6«DflYS PROB. ————— YEflRS ————— PROB.* YEflRS FT YEflRS
HI "TCflVGiCV* FPflVGJCV* FPY UP. YRS CV* LBOND ABD R100 DELTfl H3M DELTfl
1.0 803 14 .597 24.8 2 152 5.7 143 125 100.00 36 .1 35
1 . 1 9 7 1 1 4 . 4 0 6 3 6 . 6 3 20212 .4 177138100 .00 6 5 . 1 65
1 .2 1 1 5 6 1 4 . 2 4 8 4 7 . 8 5 30222.9 233 150 100 .00 1 3 5 . 1 135
1 .3 1 3 5 6 1 4 . 1 3 8 5 7 . 7 1 1 52536.4 334163100 .00 3 1 1 . 1 310
1.4 1573 14 .071 65.9 25 1067 50.2 532 175 100.00 773 .1 771
1 .5 1 8 0 6 1 4 . 0 3 4 7 2 . 6 62 2 4 3 0 6 1 . 9 9 4 4 1 8 8 1 0 0 . 0 0 2053 . 1 2046
1 .6 2 0 5 5 1 4 . 0 1 6 7 8 . 0 164 637370 .9 1856200100.00 5734 . 1 5715
1.7 2 3 1 9 1 4 . 0 0 7 8 2 . 2 459 1756877.4 3966213 100 .00 16656. 1 16602
1.8 2 6 0 0 1 4 . 0 0 3 8 5 . 6 1332 5082782.2 9038225100.00 49863.1 49702
1.9 2897 14 .001 88.2 39S3 1521 18 85.8 21607 238 100.00 152721 .1 152234
2.0 3 2 1 0 1 4 . 0 0 0 9 0 . 3 12218 46634468.553549250100.00 475731 . 1 474242
2.1 3539 14 .000 92.0 38059 1454217 90.6 *136359 263 100.00 1500014 .1 149543
7
2.2 3884 14 .000 93.4 120001 4588700 92.3 *354477 275 100.00 4768952 .1 475480
4
2.3 4246 14 .000 94.4 381516 14593120 93.6 *936135 288 100.00 *15239890 .1 * 151
95950
2.4 4623 14 .000 95.3 * 12 19190 46625900 94.6 *2501866 300 100.00 *48825670 .1 *
48689500
2.5 5016 14 .000 96.0 *3906034 *103609700 95.2 <4935270 313 100.00 *65142010 .1
*65150540



S=40X F=0.30

THERMAL AND UNFREEZING ANALYSIS ESTIMATES - PROGRAM UPFREEZ5Y - 04-08-1987
MfiNVILLE WAUKE6AN, ILL PLANT WASTE PILE

YEARS TO UPFREEZE OBJECTS THRU COVER - PRELIMINARY RESULTS *««*

OBJECTS HAVE (X - A) = 0 . 10 FT (EFFECTIVE PARTICLE SIZE, EPS.UF) STARTING AT
TOP OF WASTE PILE— BOTTOM OF COVER OF TOTAL THICKNESS = TCT

THERMAL LOAD FREEZE INDEX (FI): L06NORMAL W/ MEDIAN = 875 MEAN = 935 SD.LN=.365

HI = DEPTH OF COVER ABOVE OBJECT, STARTING AT H1=TCT [FT] - FINE-GRAINED SOIL
UNFROZEN DRY DENS. =100 PCF, WATER CONT.= 20. 3* (BW SAT) KU=0.81
FROZEN DRY DENS. = 60 PCF, WATER CONT.= 61. 6X C/L=.0062 L=5057 KF=1.30

H3M = OBJECT LENGTH FOR MAX UPFREEZE, STARTING IN:
H3 = WASTE PILE OF SOIL-HAVING:

UNFROZEN DRY DENS. =100 PCF, WATER CONT.= 20.3* (80* SAT) KIKI.81
FROZEN DRY DENS. = 60 PCF WATER CONT.= 61. 6< C/L=. 0062 L=5057 KF=1.30

BOttrtOVER AND WASTE PILE USE HEAVE STRAIN, S = 4W, 95* OF MAX L
HEAVE FRACTION NOT RECOVERED ON THAWING, F = 0.30,
LAKBDA*SQR[N-FACTOR] = .48 (AV6) .00 (SD)

ESTIMATES USE MOD. BERGGREN EQU. W/ KERSTEN KF'S AND + 0* - 25* ERROR IN KF'S
CORRELATION COEFFICIENT BETWEEN K l .F AND K3.F, R1.3=0.00

FPY = AVG YEARS TO FIRST FROST PENETRATION TO DEPTH HI AND RETURN PERIOD
UP.YRS = ESTIMATED YEARS FOR OBJECT UPFREEZING FROM HI (FOR HI PROPS IN H3) BUT

CORRECT UP.YRS FOR DIFFERENCE IN DELTA'S WHEN OBJECT IN H3.
CONSERATIVE FOR ALL OBJECTS HAVING (X-A) ( 0. 10 FT

FOR H1=TCT: UP.YRS IS AN ESTIMATE (+ OR - CW OF YEARS TO UPFREEZE THRU COVER
LBOND = 1 STANDARD DEVIATION LOWER BOUND (LB),

ABD = ABOND = ABSOLUTE LB FOR HEAVE STRAIN, UNRECOVER FACTOR AND EPS.UF
R100 = EST'ED RELIABILITY (PROBABILITY) UP.YRS EXCEEDS 100 YEARS

FT DE6*DAYS PROB.
COVER THERM/ui

HI "TtAVGiCVX FPAVG4CW FPY
1 .0
1 . 1
1 .2
1 .3
1 .4
1 .5
1 .6
1 .7
1 .8
1.9
2.0
2.1
2.2
9
2.3

803
971

1156
1356
1573
1806
2055
2319
2600
2897
3210
3539
3884

4246

14
14
14
14
14
14
14
14
14
14
14
14
14

14

.597
.406
.248
. 138
.071
.034
.016
.007
.003
.001
.000
.000
.000

.000

24.8
36.6
47.8
57.7
65.9
72.6
78.0
82.2
85.6
88. 2
90.3
92.0
93.4

94.4

2
3
5
11
25
62

164
459

1332
3989

12218
38059

120001

381516

It
UP.YRS

101
135
202
350
711

1653
4249

11712
33865

101412
310896
969478

3059133

9728747

«. PRC
MRS -
CV<
5.7

12.4
22.9
36.4
50.2
6 1 .9
70.9
77.4
82.2
85.8
88.5
90.6
92.3

93.6

1PERTIES IN
LBOND ABD

95 83
118 92
155 100
223 108
354 117
629 125

1237 133
2644 142
6025 150

14405 158
35699 167
90906 175

H3 (Rl.
PROB.X
R100
57.34
98.60

100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00

3=1) WST'PILE
YEARS FT YEARS
DELTA H3M

24 .1
43 .1
90 .1

207 .1
515 . 1

1369 .1
3822 .1

1 1 104 . 1
33242 .1

101814 . 1
317154 . 1

100.00 1000010 .1
*236318 183 100.00

J624090 192 100.00

3179302 . 1

J10159930

DELTA
24
43
90

206
514

1364
3810

11068
33135

101489
316161
996958

316986

. 1 Jf lOl
30630
2.4 4623 14 .000 95.3 X1219190 3109:930 94. 6 * 1667911 200 100 .00 X32550450 .1 <
32459670
2.5 5016 14 .000 96.0 X3906034 69073160 95. 2 <3290180 208 100 .00 5(43428010 .1 %
43433690



S=403t F=0.40

THERMAL flND UPFREEZING ftNflLYSIS ESTIMATES - PROGRAM UPFREEZ5Y - 04-08-1987
MANVILLE WAUKEGflN, ILL PLflNT WASTE PILE

t««* YEARS TO UPFREEZE OBJECTS THRU COVER - PRELIMINflRY RESULTS «««

OBJECTS HAVE (X - fl) = 0 . 10 FT (EFFECTIVE PARTICLE SIZE, EPS.UF) STARTING AT
TOP OF WASTE PILE-BOTTOM OF COVER OF TOTAL THICKNESS = TCT

THERMAL LOAD FREEZE INDEX (FI ) : LOGNORMAL W/ MEDIAN = 875 MEAN = 935 SD.LN=.365

HI = DEPTH OF COVER ABOVE OBJECT, STARTING AT H1=TCT [FTJ - FINE-GRAINED SOIL
UNFROZEN DRY DENS. =100 PCF, WATER CONT.= 20.3* (80* SAT) KU=0.81
FROZEN DRY DENS. = 60 PCF, WATER CONT.= 61 .6* C/L=.0062 L=5C57 KF=1.30

H3M = OBJECT LENGTH FOR MAX UPFREEZE, STARTING IN:
H3 = WASTE PILE OF SOIL-HAVING:

UNFROZEN DRY DENS. =100 PCF, WATER DONT.= 20.3* (80* SAT) KU=0.81
FROZEN DRY DENS. = 60 PCF WATER CONT.= 61 .6* C/L=.0062 L=5057 KF=1 .30

BOtVtOVER AND WASTE PILE USE HEAVE STRAIN, S = 40*, 95* OF MAX L
HEAVE FRACTION NOT RECOVERED ON THAWING, F = 0.40,
LflMBDA«SSR[N-FflCTOR] = .48 (AVG) .00 (SD)

ESTIMATES USE MOD. BERGGREN EQU. W/ KERSTEN KF'S AND + 0* - 25* ERROR IN KF'S
CORRELATION COEFFICIENT BETWEEN Kl .F AND K3.F, R1 .3=0.00

FPY = AVG YEARS TO FIRST FROST PENETRATION TO DEPTH HI AND RETURN PERIOD
UP.YRS = ESTIMATED YEARS FOR OBJECT UPFREEZING FROM HI (FOR HI PROF'S IN H3) BUT

CORRECT UP.YRS FOR DIFFERENCE IN DELTA'S WHEN OBJECT IN H3.
CONSERATIVE FOR ALL OBJECTS HAVING (X-A) ( 0 . 10 FT

FOR H1=TCT: UP.YRS IS AN ESTIMATE (+ OR - CV*) OF YEARS TO UPFREEZE THRU COVER
LBOND = 1 STANDARD DEVIATION LOWER BOUND (LB),

ABD = ABOND = ABSOLUTE LB FOR HEAVE STRAIN, UNRECOVER FACTOR AND EPS.UF
R100 = EST'ED RELIABILITY (PROBABILITY) UP.YRS EXCEEDS 100 YEARS

.3=1) WST'PILE
ri :LD*UHT3 muB. ——
HI "TtAVGiCV* FPAVGJCV* FPY
1 . 0
1 . 1
1 .2
1 .3
1 .4
1 .5
1 .6
1 .7
1 .8
1 .9
2.0
2. 1
2.2
2
2.3
5
2.4

803
971

1156
1356
1573
1806
2055
2319
2600
2897
3210
3539
3884

4246

4623

14
14
14
14
14
14
14
14
14
14
14
14
14

14

14

.597
.406
.248
. 138
.071
.034
.0 16
.007
.003
.001
.000
.000
.000

.000

.000

24.8
36.6
47 .8
57.7
65.9
72.6
78.0
82.2
85.6
88.2
90.3
92.0
93 .4

94.4

95.3

2
3
5
11
25
62

164
459

1332
3989

12218
38059

120001

381516
* 12 19190

——— TLnna -
UP.YRS CV*

76
101
151
263
533

1240
3187
8784

25413
76059

233172
727108

2294350

72%561

5.7
12.4
22.9
36.4
50.2
61 .9
70.9
77.4
82.2
85.8
88.5
90.6
92. 3

93.6

23312950 94.

LBOND ABD
71 63
88 69

116 75
167 81
266 88
472 94
928 100

1983 106
4519 1 13

10804 119
26774 125
68179 131

Knuu. *
R100

0.00
53.44
94.32
98.40
99.49
99.88

100.00
100.00
100.00
100.00
100.00
100.00

<177239 138 100.00

*468068 144 100.00

6 3(1250932 150 100

itHna ri iti-ms
DELTA H3tt DELTA

18 . 1
33 .1
68 .1

155 .1
387 .1

1026 .1
2867 .1
8328 .1

24931 .1
76360 .1

237865 . 1
750007 .1

2384476 .

7619946 .

18
33
67

155
385

1023
2858
8301

24851
761 17

237121
747719

1 237740

1 759797

.00 *244 12840 .1 *
24344750
2.5 5016 14 . 000 96.0 *3905034 51804870 95. 2 <2467635 156 100.00 *32571010 .1 *
32575270



S=40* F=0.50

THERMAL AND UPFREEZING ANALYSIS ESTIMATES - PROGRAM UPFREEZ5Y - 04-08-1987
MflNVILLE WAUKEGAN, ILL PLANT WASTE PILE

*«t« YEARS TO UPFREEZE OBJECTS THRU COVER - PRELIMINARY RESULTS *««*

OBJECTS HAVE (X - A) = 0 . 10 FT (EFFECTIVE PARTICLE SIZE, EPS. IF) STARTING AT
TOP OF WASTE PILE-BOTTOM OF COVER OF TOTAL THICKNESS = TCT

THERMAL LOAD FREEZE INDEX (FI ) : LOGNORMAL W/ MEDIAN = 875 MEAN = 935 SD.LN=.365

HI = DEPTH OF COVER ABOVE OBJECT, STARTING AT H1=TCT [FT] - FINE-GRAINED SOIL
UNFROZEN DRY DENS. =100 PCF, HATER CONT.= 20.3* (8M SAT) KU=0.81
FROZEN DRY DENS. = 60 PCF, WfiTER CONT.= 61 .6* C/L=.0062 L=5057 KF=1.30

H3K = OBJECT LENGTH FOR MAX UPFREEZE, STARTING IN:
H3 = WASTE PILE OF SOIL—BAVIN'S:

UNFROZEN DRY DENS. =100 PCF, WATER CONT.= 20.3* (80* SAT) KU=0.81
FROZEN DRY DENS. = 60 PCF HATER CONT.= 61 .6* C/L=.0062 L=5057 KF=1 .30

BOTfc-cOVER AND UASTE PILE USE HEAVE STRflIN, S = 40*, 95* OF MAX L
HEAVE FRACTION NOT RECOVERED ON THAWING, F = 0.50,
LAMBDA*SQRfN-FACTOR] = .48 (AVG) .00 (SD)

ESTIMflTES USE MOD. BERSGREN EQU. W/ KERSTEN KF'S AND + 0* - 25* ERROR IN KF'S
CORRELATION COEFFICIENT BETWEEN Kl .F flND K3.F, R1 .3=0.00

FPY = AVG YEARS TO FIRST FROST PENETRATION TO DEPTH HI AND RETURN PERIOD
UP.YRS = ESTIMATED YEARS FOR OBJECT UNFREEZING FROM HI (FOR HI PROPS IN H3) BUT

CORRECT UP.YRS FOR DIFFERENCE IN DELTA'S WHEN OBJECT IN H3.
CONSERATIVE FOR ALL OBJECTS HAVING (X-A) ( 0 . 10 FT

FOR H1=TCT: UP.YRS IS AN ESTIMATE (+ OR - CV*) OF YEARS TO UPFREEZE THRU COVER
LBOND = 1 STANDARD DEVIATION LOWER BOUND (LB),

ABD = ABOND = ABSOLUTE LB FOR HEAVE STRAIN, UNRECOVER FACTOR AND EPS. IF
R100 = EST'ED RELIABILITY (PROBABILITY) UP.YRS EXCEEDS 100 YEARS

FT £G*DAYS PROB.
COVER THERMfm

HI >cflVGiCV* FPAVGiCV* FPY
1 .0
1 . 1
1 .2
1 .3
1 .4
1 .5
1 .6
1 .7
1 .8
1 .9
2.0
2.1
2.2
1
2 .3
0
2 .4

803
971

1156
1356
1573
1806
2055
2319
2600
2897
3210
3539
3884
4246
4623

14
14
14
14
14
14
14
14
14
14
14
14
14

14

14

.597

.406

.248
. 138
.071
.034
.016
.007
.003
.001
.000
.000
.000

.000
.000

24.8
36.6
47.8
57.7
65.9
72.6
78.0
82.2
85.6
88.2
90.3
92.0
93.4

94.4

95.3

2
3
5
11
25
62

164
459

1332
3923

12218
38059

120001

381516

———— [[

UP.YRS
61
81

121
210
427
992

2549
7027

20331
60847

186538
581587

1835480

5837249

U. PRC
IflRS -
CV*
5.7

12 .4
22.9
36.4
50.2
61 .9
70.9
77.4
82.2
85 .8
88.5
90.6
92.3

93.6

* 1219190 18650360 94.

1PERTIES IN

LBOND ABD
57 50
71 55
93 60

134 65
213 70
378 75
742 80

1587 85
3615 90
8643 95

21420 100
54544 105

H3 (Rl.
PROB.*
R100

0.00
2.79

78.56
95.25
98.36
99.41
99.81
99.95
99.99

100.00
100.00
100.00

* 141791 110 100.00

*374454 115 100.00

6 * 1000746 120 100

3=1) WST'PILE
YEARS FT YEARS
DELTA H3M DELTA

14 .1
26 .1
54 .1

124 .1
309 .1
821 .1

2293 .1
6662 .1

19945 .1
61088 . 1

190292 .1
600006 .1

1907581 .

6095957 .

14
26
54

124
308
819

2286
6641

19881
60894

189697
598175

1 190192

1 607838

. 00 <19530270 . 1 *
19475800
2.5 5016 14 .000 96 .0 *3906034 41443900 95. 2 * !974108 125 100.00 *26056310 .1 *
26060220



S=50* F=0.10

THERBflL AND UPFREEZING ANALYSIS ESTIMATES - PROGRAM UPFREEZ5Y - 04-08-1987
MAWILLE WAUKEGAN, ILL PLANT WISH PILE

****** YEflRS TO UPFREEZE OBJECTS THRU COVER — PRELIMINARY RESULTS ******

OBJECTS HftVE (X - fl) = 0 . 10 FT (EFFECTIVE PflRTICLE SIZE, EPS.UF) STARTING flTTOP OF WASTE PILE-BOTTOM OF COVER DF TOTftL THICKNESS = TCT
THERMAL LDflD FREEZE INDEX (FI): LOGNORMflL W/ MEDIAN = 875 MEAN = 935 SD.LN=.365
HI = DEPTH OF COVER ABOVE OBJECT, STARTING AT H1=TCT [FT] — FINE-GRAINED SOILUNFROZEN DRY DENS. =100 PCF, HflTER CONT.= 20.3* (805! SAT) KU=0.81FROZD^ DRY DENS. = 50 PCF, WATER CONT.= 80.7* C/L=. 0057 L=5523 KF=1 .42H3M = OBJECT LENGTH FOR MAX UPFREEZE, STARTING IN:H3 = WASTE PILE OF SOIL-HAVING:UNFROZEN DRY DENS. =100 PCF, WATER CONT.= 20.3* (80* SAT) KU=0.81FROZEN DRY DENS. = 50 PCF HflTER COM. = 80.7* C/L=. 0057 L=5523 KF= 1 .42
BOVrfJVER AND WASTE PILE USE HEAVE STRAIN, S = 50*, 95* OF MAX LHEAVE FRACTION NOT RECOVERED DN THAWING, F = 0 . 10 ,LAMBDA*SQR:N-FACTCR] = .48 <AVGJ .00 (SDJESTIMATES USE HOD. BE3S3REN ECU. W/ KERSTEN KF'S AND t 0* - 25* ERROR IN KF'SCORRELATION COEFFICIENT BETWEEN Kl .F AND K3.F, R1 .3=0.00
FPY = AVG YEARS TO FIRST FROST PENETRATION TO DEPTH HI AND RETURN PERIODUP.YRS = ESTIMATED YEflRS FOR OBJECT UPFREEZING FROM HI (FOR HI PROF'S IN H3) BUTCORRECT UP.YRS FOR DIFFERENCE IN DELTA'S WHEN OBJECT IN H3.CONSERATIVE FOR ALL OBJECTS HAVING (X-A) ( 0 . 10 FTFOR H1=TCT: UP.YRS IS AN ESTIMATE (+ OR - CV*) OF YEA.RS TO UPFREEZE THRU COVERLBOND = 1 STANDARD DEVIATION LOWER BOUND (LB),ABD = ABOND = ABSOLUTE LB FOR HEAVE STRAIN, UNRECOVER FACTOR AND EPS.UFR100 = ESP ED RELIABILITY (PROBABILITY) UP.YRS EXCEEDS 100 YEARS

FT
HI x-
1 .0
1 . 1
.2
.3
.4
.5
.6
.7

1 .8
1 .9
0
2.0
1
2. 1

1)EB*DAYS PROB.
COVER THERM>

ur

TtMVGlCV* FPAVGiCV* FPY
925

1 1 13
1332
1563
1813
2081
2368
2673
2997
3339
3699

4079

14
14
14
14
14
14
14
14
14
14

14

14

.454
.275
. 149
.073
.033
.0 14
.006
.002
.001
.000

.000

.000

33.
45.
56.
65.

5
7
6
6

72.8
78.
82.
86.
89.
91.

92.

94.

C

9
3
0
1

7

0

2
5

10
24
64

182
552

1747
5714

19136

65205

II
UP.YRS

282
427
765

1639
4095

11435
34427

109035
357535

1200942

4101074

224803 14158240

*_ P:ARSR£
cv*
10.
21.
35.
50.
62.
71 .
78.
83.
86.
89.

91.

93.

6
2
4
2
6
9
5
3
8
5

5

1

IPERTIES IN H3 (R1.3=l) WS
nnnn •/ \/rnnr- ^rHKUtJ. A YtHKb r 1

LBOND ABD R100 DELTA H3M
252 200 100.00 92 .1
336 220 100.00 19fl .1
494 240 100.00 478 .1
816 260 100.00 1271 .1

1530 280 100.00 3641 .1
3214 300 100.00 11039 .1
7392 320 100.00 34945 .1

18203 340 100.00 114271 .1
471 19 360 100.00 382729 .1
*126542 380 100.00 1304086 .1

X349252 400 100.00 4496179 .1

*9O67 420 100.00 *15618150

T'PILE
YEARS
DELTA

92
197
476

1267
3628

10998
34814

113847
361333

129944

448060

. 1 *155
65750
2.2 4476 14 .000 95. 0 780906 49202810 94. 3 <28 14283 440 100.00 <54470990 .1 *54
294070
2.3 4893 14 .000 95. 8 *2723563 * 128 105000 95.1 X6329062 460 100.00 <103333400 .
1 *103345300
2,4 5327 14 .000 93. 5 *5 166669 X23468MOO 94.9 *12026730 480 100.00 *109333500
.1 *10936B900
2.5 5780 14 .000 82.1 *5491672 *35415c'500 92.3 *27127720 500 100.00 *123034900
.1 *129196300



S=50f F=0.20

THERMAL flND UPFREEZING flNflLYSIS ESTIHflTES - PROGRAM UPFREEZ5Y - 04-08-1987
MANVILLE WAUKE6AN, III PLftNT WASTE PILE

«**« YEARS TO UPFREEZE OBJECTS THRU COVER — PRELIMINARY RESULTS ******

OBJECTS HflVE (X - A) = 0 . 10 FT (EFFECTIVE PflRTICLE SIZE, EPS.UF) STflRTING flT
TOP OF WASTE PILE-BOTTOM OF COVER OF TOTftL THICKNESS = TCT

THERMAL LOflD FREEZE INDEX (FI ) : LOGNORMAL W/ MEDIAN = 875 MEAN = 935 SD.LN=.365

HI = DEPTH OF COVER flBOVE OBJECT, STflRTING flT H1=TCT CFT] - FlhE-GRfllNED SOIL
UNFROZEN DRY DENS.=100 PCF, WATER CONT.= 20.3* (80< SflT) KU=0.81
FROZEN DRY DENS. = 50 PCF, WflTER CQNT.= 80.7* C/L=.0057 L=5523 KF=1 .42

H3« = OBJECT LENGTH FCR MflX UPFREEZE, STflRTINS IN:
H3 = UflSTE PILE OF SOIL-HAVING:

UNFROZEN DRY DENS. =100 PCF, WflTER CDNT.= 20.3* (80* SflT) KU=0.81
FROZEN DRY DENS. = 50 PCF HRTER CONT.= 80.7* C/L=. 0057 L=55£3 KF=1.42

BOV^OVER flND WftSTE PILE USE HEAVE STRAIN, S = 50<, 95* OF MflX L
HEflVE FRflCTIDN NOT RECOVERED ON THAWING, F = 0.20,
LAMBDA*S9R[N-FACTCR] = .48 (flVG) .00 (SD)

ESTIMATES USE MOD. BERGGREN EQU. H/ KERSTEN KF'S flND + W - 25* ERROR IN KF'S
CORRELATION COEFFICIENT BETWEEN Kl .F flND K3.F, R1.3=0.00

FPY = flVG YEflRS TO FIRST FROST PENETRATION TO DEPTH HI flND RETURN PERIOD
UP.YRS = ESTIMflTED YEflRS FOR OBJECT UPFREEZING FROM HI (FOR HI PROPS IN H3) BUT

CORRECT UP.YRS FOR DIFFERENCE IN DELTfl'S WHEN OBJECT IN H3.
CONSERfiTIVE FOR flLL OBJECTS HflVING (X-fl) < 0 . 10 FT

FOR H1=TCT: UP.YRS IS flN ESTIMflTE (+ OR - CV*) OF YEARS TO UPFREEZE THRU COVER
LBOND = 1 STANDARD DEVIATION LOWER BOUND (LB),

ABD = ABOND = ABSOLUTE LB FOR HEAVE STRAIN, UNRECOVER FACTOR AND EPS.UF
R100 = EST'ED RELIABILITY (PROBABILITY) UP.YRS EXCEEDS 100 YEARS

FT OEG«DflYS PROB.
COVER THERMf

Y/F

HI --rtflVGSCV* FPAVGJCV* FPY
1 .0
1 . 1
.2
.3
.4
.5
.6

1 .7
1 .8
1 .9
2.0
1
2.1
4
2.2

925
1 1 19
1332
1563
1813
2081
2368
2673
2997
3339
3699

4079

4476

14
14
14
14
14
14
14
14
14
14
14

14

14

.454
.275
. 149
.073
.033
.014
.006
.002
.001
.000
.000

.000

.000

33.
45.
56.
65.

5
7
6
6

72. B
78.
82.
66.
89.
91.
92.

94.

95.

5
9
3
0
1
7

0

0

2
5

10
24
64

182
552

1747
5714

19136
65205

224809

——————— T[

UP.YRS
141
213
382
820

2048
5718

17214
54517

178767
60047!

2050537

7079120

780906 24601410

L P:ARSROPERTIES IN H3 (R1.3=l ) WS
nonn ./ vrnnf r-r

CV*
10.
21.
35.
50.
62.
71 .
78.
83.
86.
89.
91.

93.

94.

6
2
4
2
6
9
5
3
8
5
5
1

3

———————— rnujp. * icnna r i
LBOND ABD R100 DELTfl H3M

126 100 100.00 46 .1
168 110 100.00 99 .1
247 120 100.00 239 .1
408 130 100.00 636 .1
765 140 100.00 1821 .1

1607 150 100.00 5519 .1
36% 160 100.00 17472 .1
9101 170 100.00 57135 .1

23560 180 100.00 191365 .1
63271 190 100.00 652043 .1
<174626 200 100.00 2248083 .1

*491934 210 100.00 7809076 .1

< 1407141 220 100.00 <27235500

T'PILE
YEARS
DELTA

46
98

238
633

1814
5499

17407
56924

190666
649720

224030

778287

.1 *27
147040
2.3 4893 14 .000 95. 8 *2723563 64052500 95. 1 *3164531 230 100.00 *51666690 .1 *
51672950
2.4 5327 14 .000 93. 5 *51 66669 * 11 7344200 94.9 516013365 240 100.00 5(5491£730 .1
*54934460

2.5 5780 14 .000 82. 1 *5491672 * 177076300 92.3 5(13563860 250 100.00 S64547460 .
1 X64598150



S=50X F=0.3Q

THERMflL flND UPFREEZING flNflLYSIS ESTIMflTES — PROGRflK UPFREEZ5Y — 04-08-1987
MfiNVILLE WflUKEGflN, ILL PLflNT WflSTE PILE

*«*« YEflRS TO UPFREEZE OBJECTS THRU COVER - PRELIKINflRY RESULTS *"***

OBJECTS HflVE (X - fl) = 0 . 10 FT (EFFECTIVE PflRTICLE SIZE, EPS.UF) STflRTING flT
TOP OF UflSTE PILE-BOTTOM OF COVER OF TCTflL THICKNESS = TCT

THERMflL LOflD FREEZE INDEX (FI ) : LDGNQRMftL W/ MEDIftN = 875 MEflN = 935 SD.LN=.365

HI = DEPTH OF COVER flBOVE OBJECT, STflRTING flT H1=TCT [FT] — FINE-GRfllNED SOIL
UNFROZEN DRY DENS.=100 PCF, WflTER CONT.= 20.3* (80* SflT) KU=0.81
FROZEN DRY DENS. = 50 PCF, WflTER CONT.= 80.7* C/L=.0057 L=5523 KF=1.42

H3M = OBJECT LENGTH FOR MflX UPFREEZE, STflRTING IN:
H3 = WflSTE PILE OF SOIL-HflVING:

UNFROZEN DRY DENS.=100 PCF, WflTER CONT.= 20.3* (80* SflT) KU=0.81
FROZEN DRY DENS. = 50 PCF WflTER CONT.= 80.7* C/L=. 0057 L=5523 KF=1 .42

BOtVtflVER flND WflSTE PILE USE HE3VE STRflIN, S = 50*, 95* OF MflX L
HEflVE FRP.CTION NOT RECOVERED ON THflWING, F = 0.30,
LflMBDft*SQRtN-FflCTCR] = .48 (flVG) .00 (SD)

ESTIKflTES USE MOD. BERGGREN EQU. W/ KERSTEN KF'S flND + 0* - 25* ERROR IN KF'S
CORRELflTION COEFFICIENT BETWEEN Kl .F ftND K3.F, R1 .3=0.00

FPY = flVG YEflRS TO FIRST FROST PENETRflTION TO DEPTH HI flND RETURN PERIOD
UP.YRS = ESTIMflTED YEflRS FOR OBJECT UPFREEZING FROM HI (FOR HI PROPS IN H3) BUT

CORRECT UP.YRS FOR DIFFERENCE IN DELTfl'S WHEN OBJECT IN H3.
CONSERflTIVE FOR flLL OBJECTS HflVING (X-fl) < 0 . 10 FT

FOR H1=TCT: UP.YRS IS flN ESTIMfiTE U OR - CV*) OF YEflRS TO UPFREEZE THRU COVER
LBOND = 1 STflNDflRD DEVIflTION LOWER BOUND (LB),

flBD = flBOND = flBSOLLTE LB FOR HEflVE STRflIN, UNRECOVER FflCTOR flND EPS. UF
R100 = EST'ED RELIflBILITY (PROBflBILITY) UP.YRS EXCEEDS 100 YEflRS

COVER THERMflL PROPERTIES IN H3 (R1 .3= l ) WST'PILE
r i (iOTi/i-i 1 3 r HUB. ——
HI >dftVGSCV* FPflVGO* FPY
1 .0
1 . 1
1 .2
1 .3
1 .4
1 .5
1 .6
1 .7
1 .8
1 .9
2.0
4
2. 1
3
2.2

925
1 1 19
1332
1563
1813
2081
2368
2673
2997
3339
3699

4079

4476

14
14
14
14
14
14
14
14
14
14
14

14

14

.454

.275

. 149

.073

.033

.014
.006
.002
.001
.000
.000

.000

.000

33.
45.
56.
65.
72.
78.
82.
86.
89.
91 .
92.

94.

95.

5
7
6
6
8
CJ

9
3
0
1
7

0

0

2
5

10
24
64

182
552

1747
5714

19136
65205

224809

————— TC.H.1D •
UP.YRS

94
142
255
546

1365
3812

11476
38345

1 19 178
400314

1367025

4719414

730906 16400940

CV*
10 .6
21 .2
35.4
50.2
62.6
71 .9
78.5
83.3
86.8
89.5
9 1 .5

93 . 1

94.3

——————— r nuf. *
LBOND flBD R100

84 67 27.54
112 73 92.99
165 80 98.28
272 87 99.48
510 93 99.89

1071 100 100.00
2464 107 100.00
6068 113 100.00

15706 120 100.00

icrmo r i ICMH3
DELTfl H3M DELTfl

31 .1
66 .1

159 .1
424 .1

1214 . 1
3680 .1

1 1648 . 1
38090 .1

127576 .1
42181 127 100.00 434695 .1
* 1 16417 133 100.00

*327956 140 100.00

*338094 147 100.00

1498726 .

520605! .

*18157000

31
66

159
422

1209
3666

11605
37949

12711 1
433147

1 149353

1 518858

. 1 * 180
98020
2.3 4893 14 .000 95. 8 *27235£3 42701670 95. 1 *2109688 153 100,.00 *34444460 .1 *
34448630
2.4 5327 14 .000 93. 5 *5 166669 78229480 94. 9 <AOC8910 160 100,.00 *3661 1 150 . 1 *
35622970
2.5 5730 14 .000 82. 1 *5491672 *1 18050900 92.3 *9042571 167 100.00 X43031640 .1

*43065430



5=50* F=0.40

THERMflL ftND UPFREEZING flNflLYSIS ESTIMfiTES — PROGRflM UPFREEZ5Y — 04-08-1987
HflNVILLE HflUKEGftN, ILL PLflNT WflSTE PILE

****** YEflRS TO UPFREEZE OBJECTS THRU COVER - PRELIKINflRY RESULTS ******

OBJECTS HflVE (X - fl) = 0 . 10 FT (EFFECTIVE PflRTICLE SIZE, EPS. IF) STORTING flT
TOP OF WflSTE PILE--BCTTOM OF COVER OF TOTflL THICKNESS = TCT

THERMflL LOflD FREEZE INDEX (FI): LDGNGRMflL H/ MEDIftN = 875 ICflN = 935 SD.LN=.365

HI = DEPTH OF COVER flBOVE OBJECT, STflRTING flT H1=TCT [FT] - FINE-GRfllNED SOIL
UNFROZEN DRY DENS. =100 PCF, WflTER CONT.= 20.3* (80* SflT) KU=O.B1
FROZEN DRY DENS. = 50 PCF, WP.TER CDNT.= 80.7* C/L=.0057 L=5523 KF=1.42

H3« = OBJECT LENGTH FOR MflX UPFREEZE, STflRTINS IN:
H3 = KfiSTE PILE OF SOIL-HAVING:

UNFROZEN DRY DENS. =100 PCF, WflTER CONT.= 20.3X (8W SflT) KU=0.81
FROZEN DRY DENS. = 50 PCF WflTER CQNT.= 80.7X C/L=. 0057 L=5523 KF=1 .42

BCTtvcOVER m WflSTE PILE USE HEflVE STRfllN, S = 50X, 95* OF NflX L
HEAVE FRfiCTION NOT RECOVERED ON THflWING, F = 0.40,
LflKBDfi»SQR[N-FflCTDR] = .48 (flVG) .00 (SD)

ESTIMfiTES USE MOD. BERGGREN EQU. W/ KERSTEN KF'S flND + 0% - 25% ERROR IN KF'S
CORRELflTION COEFFICIENT BETWEEN Kl .F flND K3.F, R1 .3=0.00

FPY = ftVG YEflRS TO FIRST FROST PENETRATION TO DEPTH HI flND RETURN PERIOD
UP.YRS = ESTIMflTED YEflRS FOR OBJECT UPFREEZING FROM HI (FOR HI PROPS IN H3> BUT

CORRECT UP.YRS FOR DIFFERENCE IN DELTfl'S WHEN OBJECT IN H3.
CONSERflTIVE FOR ftLL OBJECTS HflVING (X-fl) < 0 . 10 FT

FOR H1=TCT: UP.YRS IS flN ESTIMflTE (+ OR - CV*! OF YEflRS TO UPFREEZE THRU COVER
LBOND = 1 STflNDflRD DEVIATION LOWER BOUND (LB),

flBD = flBONE = flBSOLUTE LB FOR HEflVE STRfllN, UNRECOVER FflCTOR flND EPS. UF
R100 = EST'ED RELIflBILITY (PROBflBILITY) UP.YRS EXCEEDS 100 YEflRS

«rc*nnvc nono
COVER THERMflL PROPERTIES IN

vrnnnr 1 JL.U * L*n i j r nutJ. ——
HI --rtflVGiCVt FPflVGiCV* FPY
1 .0
1 . 1
1 .2
1 .3
1 .4
1 .5
1 .6
1 .7
1 .8
1 .9
2 .0
2.1
7
2.2

925
11 19
1332
1563
1813
2081
2368
2673
2997
3339
3699
4079

4476

14
14
14
14
14
14
14
14
14
14
14
14

14

.454
.275
. 149
.073
.033
.0 14
.006
.002
.001
.000
.000
.000

.000

33.5
45.7
56.6
65.6
72.8
78.5
82.9
86.3
89.0
91 . 1
92.7
94.0

95.0

2
5

10
24
64

182
552

1747
5714

19136
65205

224809

780906

UP.YRS CV*
71

107
191
410

1024
2859
8607

27259
89384

300236
1025269
3539560

12300700

10.6
21 .2
35.4
50.2
62.6
7 1 . 9
78.5
83.3
86.8
89.5
9 1 .5
93.1

94.3

LBOND flBD
63 50
84 55

123 60
204 65
383 70
803 75

1848 80
4551 85

11780 90
31635 95
87313 100

H3 (Rl.
nnnn ^PROS. >
R100

0.00
62.36
93.56
97.99
99.31
99.79
99.94
99.99

100.00
100.00

3=1) WST'PILE
vpopc FT YFQR?Ttrmj r 1 ICrmj
DELTfl H3M DELTfl

23 .1
49 .1

119 .1
318 .1
910 .1

2760 .1
8736 .1

28568 .1
95682 .1

326021 .1
100.00 1124045 .1

*245967 105 100.00

*703571 110 100.00
3904538 .

*13617750

23
49

119*
317
907

2750
8704

28452
95333

324860
1120150
1 389143

. 1 *135
73520
£ .3 4893 14 .000 95.8 *2723563 3202£250 95. 1 *1582266 115 100.00 *25B33350 .1 *
25835480 .
2.4 5327 14 .000 93.5 *516£669 58672110 94.9 *3006683 120 100. 00 *27458370 . 1 *
27467230
2.5 5780 14 .000 82. 1 *5491672 88538150 92. 3 *6781929 125 100.00 X32273730 .1 *
32299080



S=50< F=0.50

THERMAL AND UPFREE2ING ANALYSIS ESTIMATES - PROGRAM UPFREEZ5Y - 04-08-1387
MANVILLE WAUKEGflN, ILL PLANT WASTE PILE

«*«* YEARS TO UPFREEZE OBJECTS THRU COVER — PRELIMINARY RESULTS *»"*

OBJECTS HAVE « - A) = 0 . 10 FT (EFFECTIVE PARTICLE SIZE, EPS.UF) STARTING AT
TCP OF WASTE PILE-BOTTOM OF COVER OF TOTAL THICKNESS = TCT

THERMAL LOAD FREEZE INDEX (FI) : LOGNORHAL W/ MEDIAN = 875 MEflN = 935 SD.LN=.365

HI = DEPTH OF COVER ABOVE OBJECT, STARTING AT H1=TCT [FT] - FINE-GRAINED SOIL
UNFROZEN DRY DENS. =100 PCF, WATER CONT.= 20.3* <BO< SAT) KU=0.81
FROZEN DRY DENS. = 50 PCF, HATER CONT.= 80.7% C/L=.0057 L=5522 KF= 1 .42

H3M = OBJECT LENGTH FOR MAX UPFREEZE, STARTING IN:
H3 = WASTE PILE CF SOIL-HAVING:

UNFROZEN DRY DENS. =100 PCF, HfiTER CONT.= 20.3< (BOX SAT) KU=0.8i
FROZEN DRY DENS. = 50 PCF WATER CONT.= 8C.7* C/L=. 0057 L=5523 KF=1 .42

BQttflTJVER AND WASTE PILE USE HEAVE STRAIN, S = 50*, 95< OF MAX L
HEAVE FRACTION NOT RECOVERED ON THAWING, F = 0.50,
LAMBDAtSSREN-FACTDR] = .48 (AVG) .00 (SD)

ESTIMATES USE MOD. BERG3REN EQU. W/ KERSTEN KF'S AND + W - 25% ERROR IN KF'S
CORRELATION COEFFICIENT BETWEEN Kl .F AND K3.F, R1.3=0.00

FPY = AVG YEARS TD FIRST FRD5; PENETRATION TO DEPTH HI AND RETURN PERIOD
UP.YRS = ESTIMATED YEARS FOR OBJECT UPFREEZING FROM HI (FOR HI PROPS IN H3) BUT

CORRECT UP.YRS FOR DIFFERENCE IN DELTA'S WHEN OBJECT IN H3.
CONSERfiTIVE FOR ALL OBJECTS HAVING (X-A) { 0 . 1 0 FT

FOR H1=TCT: UP.YRS IS AN ESTIMATE (t OR - CVX) OF YEARS TO UPFREEZE THRU COVER
LBCND = 1 STANDARD DEVIATION LOUER BOUND (LB),

ABD = ABOND = ABSOLUTE LB FOR HEAVE STRAIN, UNRECOVER FACTOR AND EPS.UF
R100 = EST'ED RELIABILITY (PROBABILITY) UP.YRS EXCEEDS 100 YEARS

FT
HI -
1 .0
1 . 1
1 .2
1 .3
1 .4
1 .5
1 .6
1 .7
l .B
1 .9
2.0
2. 1
0
2.2

E6*DAYS PROB.
COVER THERMf

TCrtVGtCW FPAVSSCV* FPY
925

1 1 19
1332
1563
1813
2081
2358
2673
2937
3333
3699
4073

4476

14
14
14
14
14
14
14
14
14
14
14
14

14

.454

.275
. 149
.073
.033
.0 14
.006
.002
.001
.000
.000
.000

.000

33.5
45.7
56.6
65.6
72.8
78.5
82.9
86.3
83.0
31 . 1
92.7
94.0

95.0

2
5

10
24
64

182
552

1747
5714

19136
65205

224809

78090E,

I[
UP.YRS

56
85

153
328
819

2287
6885

21807
71507

240188
820215

2831648

9840562

1 PRC:ARS -cv*
10 .6
21 .2
35.4
50.2
62.6
71 .9
78.5
83.3
86.8
89.5
91 .5
93. 1

94.3

1PERTIES IN
LBOND ABD

50 40
67 44
99 48

163 52
306 56
643 60

1478 64
3641 68
9424 72

25308 76
69850 80

H3 (Rl.
PROB.5C
R100

0.00
2 1 . 17
85.83
96.20
98.71
99.57
99.87
99.%
99.93

100.00
100.00

*196773 84 100.00

<56£'£57 88 100.00

3=1) HST'PILE
YEARS FT YEARS
DELTA H3K

18 .1
40 .1
96 .1

254 .1
728 .1

2208 .1
6989 . 1

22854 .1
76546 . 1

260817 . 1
899236 . 1
3123631 .

*10894200

DELTA
18
39
95

253
726

2200
6963

22763
76267

253838
83612C

1 3 1 13 15

. 1 * 108
58810
2.3 4893 14 .000 95.8 J2723563 25621 WO 95. 1 <1265813 92 100.00 X2Q6566BO .1 X
20663180
2 . 4 no?h>k*t» / 14 .000 93.5 %5 166569 46937630 94. 9 J2405346 96 100 .00 *21966630 .1 <
21973730
2.5 57BO 14 .000 82.1 <543157£ 70830520 32. 3 <5425543 100 100.00 X25818930 .1 X
25833250

UPFREEZ5 RUN COMPLETE


